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@ Abrasive action on tractor shoes 
and grousers from the varied terrain 
over which it must operate, plus 
the severe stresses to which the 
linkage of the tractor caterpillar 
tread is exposed, combine to set 
up requirements for steel analysis 
and heat treatment that are neces- 
sarily exacting. For this reason heat 
treating equipment must be built 
to the highest standards possible. 


Here is an SC gas-fired hardening 
and an SC gas-fired air-draw fur- 
nace in the plant of a nationally 
known tractor builder. Track shoes, 
weighing from 4.85 to 40.25 
pounds, and grousers weighing 


from 3.87 tol6.5 pounds are con- 
tinuously conveyed through the 
hardening furnace; automatically 
quenched and conveyed to the air 
draw furnace where they are drawn 
to the desired hardness. 


Surface Combustion Engineers 
design and build special furnaces 


COMBUSTION 


for the most exacting demands of 
industry. The same engineering 
experience and quality of both 
material and workmanship is back 
of all SC standard rated gas-fired 
furnaces available in more than 
200 different sizes. 


SURFACE COMBUSTION CORPORATION, Toledo, Oh‘o 


Builders of ATMOSPHERE FURNACE 
and HARDENING, DRAWING, NORMAL 
IZING, ANNEALING FURNACES '* 
CONTINUOUS or BATCH OPERATION 
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@ You can’t learn all of the known intricacies of 
steel in a few minutes. It takes years... years 
of research and experimentation in the labora- 
tory... years of work in every class of industry 
with manufacturers of every type of steel-using 
equipment... long years which cost many mil- 
lions of dollars. 

But you can in a few minutes learn from 
Republic metallurgists just what steels will best 
serve your various needs at lowest cost. For back 


Republic 


PU 


of these men are the years of experience and at 
their disposal are the carbon, special require- 
ment and alloy steels that have made Republic 
Steel first choice of large and small steel users. 

The experience, the quality steels and the 
metallurgical assistance of Republic will help you 
to improve your product, increase your sales or 
cut production costs. Republic Steel Corporation, 
Alloy Steel Division, Massillon, Qhio-or 
General Offices, Cleveland, Ohio. 


When writing Republic Steel Corp. for further information, please address Dept. M.P. 
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Western Metal Congress 


Monday, March 21, 1938 
Vorning. 9:30 1.M. at Biltmore Hotel 


Tin Plate in the Canning Industry, by B. W. 
Conser, Research Engineer at Battelle Mlemo- 
rial Institute, Columbus. Ohio. 

Application of Metals in the Chemical Industry, 
by FF. L. LaQue. Developme nt Engineer for 
International Nickel Co.. New York C ity. 

Fabrication and Uses of the Stainless 
Steels Containing From 0 to 15°) Chromium, 
by Bradley Stoughton. Dean of Engineering 
at Lehigh University. Bethlehem, Pa. 

Fabrication and Uses of Stainless Steels Con- 
taining 18°) Chromium and Over, by V. N. 
Krivobok, Associate Director of Research. 
Allegheny Steel Co.. Brackenridge. Pa. 


{fternoon, 2:00 P.M. at’ Pan- Pacific 
fuditorium 


Pesting for Wear. by Fred Arnold, Metal- 
lurgist for Kobe. Ine.. Los Angeles. 

New Developments and Applications of Hard 
Facing Material, by C. C. Pendrell of Haynes- 
Stellite Co... Kokomo, Ind. 

High Tensile Steels for Light) Weight Con- 
struction. by A. Stuebing. Railroad 
Mechanical Engineer for United States Steel 
Corp.. New York City. 


hrening. 8:00 P.M. at Pan- Pacific 
fuditorium 


\. Allan Bates. Manager of Chemical and 
Metallurgical Dept. of the Research Labo- 
ratory. Westinghouse Electric & Vig. Co.. 
Pittsburgh, will present the first of a series of 
five educ ational lectures on “Fundamentals 
of Ferrous Metallurgy.” open to all interested. 


Tuesday. March 22. 1938 
Petroleum Day 
Vorning, 9:30 at Biltmore Hotel 


Metals Used in) Petroleum Production. by 
Harry W. MeQuaid, Metallurgist for Republic 
Steel Corp.. Cleveland. 

Metals Used in Pipe Line and Pipe Line Station 
Construction, by L. FF. Scherer, Assistant 
Chief Engineer for Texas Pipe Line Co.. 
lHlouston. 


Theory and Practice in Pipe Protection, by 


Gordon N. Scott. Pipe Line Technologist, 
Los Angeles. 


Valves for the Petroleum Industry, by George 


Scherer, Chief Metallurgist: for Mereo- 
Nordstrom Valve Co... Oakland. Cal 


Tuesday Afternoon, 2:00 P.M. 


High Temperature Strength of Steels. by R. L. 
Wilson, Metallurgical Engineer for Climax 
Molybdenum Co., Canton, Ohio. 

High Temperature Characteristics of Steels as 
Revealed by the Stress-Rupture Test, by 
W. G. Hildorf, Chief Metallurgical Engineer 
for Timken Roller Bearing Co., ‘Canton, Ohio, 
\. k. White and C. L. Clark of the Dept. of 
Engineering Research of University of Mich- 
igan, Ann Arbor. 

— val Failures of Still Tubes in Refineries, by 
E. Wright, Chief Metallurgist of National 
Tube Co., Pittsburgh, and H. Hobart, 
Metallurgist of its Ellwood Works. 

Alloy Steel Tubing for Oil Heaters. by R. L. 
Wilson. Metallurgical Engineer for Climax 
Molybdenum Co.. Canton, Ohio. 


kvening, 8:00 P.M. 
\. Allan Bates will present the second of his 
series of educational lectures. 
Wednesday, March 23, 1938 


Simultaneous Sessions at Biltmore Hotel 


Metals Used in the Production of Mining 


Equipment, by G. B. Waterhouse, Professor 
of Me tallurgy at Massachusetts Institute 
of Tee hnology. Cambridge. 


The Use of Metals in Py rometallurgy, by a a 


Dean, Chief Engineer, and M. W. von Berne- 
witz, Assistant Engineer. U.S. Bureau of 
Mines, Washington, D.C. 


Metals Used in the Dredge Minimg Industry. by 


C. M. Romanowitz, Sales Manager, and 
Herbert A. Sawin, Assistant Sales Manager 
for Yuba Manufacturing Co., San Francisco. 


Electrolytic Manganese: the First Step in a 


Program for the Establishment of an Electro- 
metallurgical Industry. by R. S. Dean, Chief 
Engineer of the Metallurgical Division, U.S. 
Bureau of Mines. Washington, D.C. 


leronautical Program 


The Use of Metals in the Aireraft Industry, by 


J. R. Goldstein of Research Dept. of Douglas 
Aircraft Co.. Ine.. Santa Moniea. Cal. 


Magnesium Alloys and Their Use in Aircraft, 


by Arthur W. Winston, Metallurgist for Dow 
Chemical Co., Midland, Mich. 


Design and Production of Aluminum Alloy 


Aircraft Forgings. by A. A. Handler, Manager. 
and L. W. Davis of the Forging Division. 
Aluminum Co. of America, Cleveland. 


I-ngineering Alloy Steels (S.A.E. Specifications), 


by Bradley Stoughton, Dean of Engineering 
at Lehigh University, Bethlehem, Pa. 
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PROGRAM 


Western Metal Con gress 


Wednesday Afternoon, 2:00 P.M. 
at Pan-Pacific Auditorium 


Forgings for Aircraft, by Waldemar Naujoks. 
Chief Engineer of Steel Improvement & 
Forge Cleveland. 

Stainless Steel for Aircraft, by Carl de Ganahl. 
President of Fleetwings, Inc., Bristol, Pa. 
X-Ray of Aeronautical Materials. 
by Tom A. Triplett of the Triplett & Barton 

Burbank, Cal. 


kvening, 8:00 P.M. at Pan- Pacific 
fuditorium 


Doctor Bates presents the third of his educa- 
tional lectures on “Fundamentals of Ferrous 
Metallurgy.” 


Thursday, March 24, 1938 
Morning, 9:30 A.M. at Biltmore Hotel 


Carbon and Low Alloy Tool Steels, by J. P. Gill, 
Chief Metallurgist of Vanadium-Alloys Steel 
Corp.. Latrobe, Pa. 

Controlled Furnace Atmospheres, by E. E. 
Thum, Editor of Metal Progress, Cleveland. 

Hardenability as It Affects Heat Treated Parts, 
by M. A. Grossmann, Director of Research for 
Carnegie-Ilinois Steel Corp., Chicago. 

High Speed and High Carbon, High Chromium 
Die Steels. by J. P. Gill, Chief Metallurgist 
of Vanadium- Alloys Steel Corp., Latrobe, Pa. 


dfternoon, 2:00 P.M. at Auditorium 
Vachinability Program 


Making Steels Free Machining, by J. D. Armour, 
Chief Metallurgist for Union Drawn Steel 
Co., Massillon, Ohio. 

Machinability of Alloy Steels, by Harry W. 
McQuaid, Metallurgist for Republic Steel 
Corp., Cleveland. 

Machinability of Ferrous Castings, Including 
Malleable. Gray Iron and Steel. by E. kK. 
Smith, Metallurgist for Electro Metallurgic val 
Co.. Detroit. 

Machining of Cast and Wrought Aluminum 
Alloys, bs W. A. Dean, Researe ch Laboratories 
of Aluminum Co. of America. 


Late ifternoon, 5:00 P.M. at Auditorium 


The Exposition closes for the day at 6:00 P.M. 
Therefore Dr. Bates will deliver the fourth 
of the lectures on “Fundamentals of Ferrous 
Metallurgy” at 5:00 


Friday Evening, 
7:00 P.M. at Biltmore Hotel 


Dinner-Dance and Entertainment at the Bilt- 
more Bowl for all members of the cooperating 
societies and exhibitors. 


Friday, March 25, 1938 


Foundry Programs; all papers to diseuss 
(a) New Tec hnique in Casting and 
(b) New Uses for Modern Castings 


Vorning, 9:30 4.M. at Biltmore Hotel 


Improvements in Steel Castings by Moderate 
Alloying and Heat Treatment, by F. A. 
Melmoth, Vice-President of Detroit Steel 
Casting Co., Detroit. 

Nickel Steels and Irons, by F. J. Walls, Develop- 
ment Engineer for International Nickel Co. 
at Detroit, and T. N. Armstrong of the 
Development and Research Division of Inter- 
national Nickel Co.. New York City. 

Chromium Steel and Iron Castings, by kh. 
Smith, Metallurgist for Electro Me tallurgical 
Co., Detroit. 

Molybdenum Steels and Irons, by W. P. Wood- 
side, Vice-President of Climax Molybdenum 
Co.. Detroit. 


Afternoon, 2:00 P.M. at Pan- Pacific 
fuditorium 


Copper Alloys in the Foundry. by William 
Technical Superintendent and 
Thieme, Chief Metallurgist for H. Kramer 

Co., Chicago. 

Recent Improvements in the Art of Casting 
Aluminum Alloys, by H. J. Rowe of the 
Technical Dept., Castings Division, Aluminum 
Co. of America, Cleveland. 

The Improvement in Zine Alloy Die Castings 
an Industrial Achievement, by W. W. Brough- 
ton, Engineer for New Jersey Zine Sales Co., 
New York City. 

Flame Hardening. by G. V. Slottman, Research 
Engineer for Air Reduction Sales Co., New 
York City. 


kvening, 8:00 P.M. at Pan- Pacific 
fuditorium 


The last of the series of five lectures on “Funda- 
mentals of Ferrous Metallurgy” by A. Allan 
Bates. 


Evening. 10:30 P.M.: Exposition Closes 
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A Metallurgical Pioneer 
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oolsteels 


im electric arc furnace 


This third article in a series entitled “Toolsteels — Past and 


Present’ considers the fundamental advantages of refining 


under a reducing alrmosphere as compared with the 


oxidizing conditions inseparable with a fuel-fired furnace. 


Essentials of the double-slag process are also given 


ll 


OF THE ELECTRIC ARC FURNACE IN 
commercial steel manufacture has exerted a 
profound influence upon the production of the 
finer grades of steel, particularly those of higher 
alloy content. 

Although many chemists and metallurgists 
had previously conducted small experiments in 
the electric furnace, Sir William Siemens, in 
1882, was probably the first to make use of it in 
metallurgical work for commercial purposes. 
He melted some 20 Ib. of steel in an are furnace 
constructed four years previously. Then came 
the furnace of E. H. and A. H. Cowles, a resist- 
ance type of furnace invented in 1885 for the 
production of aluminum alloys and for a variety 
of other purposes. A year later Paul Heroult 
and C. M. Hall patented processes for the pro- 
duction of aluminum, using submerged elec- 
trodes. In 1892 T. L. Willson, aided by data 
gathered by Moissan in his classical experi- 
ments, made calcium carbide in an electric 
furnace, and at about the same time E. G. 
\cheson made carborundum in a resistance fur- 
nace. Two years later Capt. Ernesto Stassano of 
italy patented an electric furnace for smelting 
‘ron ores, and demonstrated the 
vorking of his new process in 1898. 

As a result of the work of 
Stassano and of the successful 

anufacture of ferro-alloys in the 


By Bigge 
Supt. Ti « Stee! | Jep! 
Bethlehem Stee! ‘0 


electric furnace, steel was next made in France 
by Heroult and in Sweden by Kjellin under 
patents taken out in 1900. In 1906 experiments 
with reduction of iron ores in the electric fur 
nace were conducted by the Canadian Govern- 
ment and by Groénwall, Lindblad, and Stalhane 
in Sweden. The electric iron smelting industry 
is now well established in the last mentioned 
country. 


Flectric Furnaces in United States 


The first electric arc furnace in the steel 
industry in the United States was installed by 
Halcomb Steel Co, of Syracuse, N. Y., in 1906; 
actual operation began on April 5 of that year 
under general direction of the late John A. 
Mathews. This was a 4-ton single-phase furnace 
and was intended for refining only, as the pre 
liminary melting was done in a tilting open 
hearth furnace; it was not considered possible 
to use electricity for the initial smelting. For 
some time this was the only electric furnace in 
this country, but now several hundred are in 
use, ranging from !, ton up to 100 tons. 

The electric are furnace has 
contributed very materially to the 
development of alloy steels, not 
only directly through its adaptabil- 
ity for producing quality alloy 
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One of the First Heroult Furnaces to Make Toolsteel in the United 


States Was Installed in the Fall of the Year 1908 


of This 2%-Ton Heroult Three-Phase Furnace. Melting time aver- 
aged about 10 hr., 105 lb. of 8-in, electrodes was consumed per 
heat, and about 1000 kw-hr. of electrical energy per net ton of steel 


steels, but also indirectly in the production of 


ferro-alloys for use in the making of these very 
steels. Its use has spread very rapidly due to the 
availability of cheaper power, the ability to 
lower the phosphorus and sulphur content of the 
steel produced, and the accurate control of 
cither oxidizing and reducing conditions as 
desired in the furnace. 


Use for Ferro-Alloys 


While it may have been possible to use the 
Goldschmidt thermit process in the production 
of all of the various ferro-allovs now employed 
in making alloy steels, it is probably safe to say 
that the alloys produced in the electric are fur- 
nace are freer from incidental elements (other 
than carbon) and non-metallic impurities. It is, 
therefore, quite evident that the electric are 
furnace has played this indirect but important 
part in the development of alloy steels. 

Before describing the electric furnace opera- 
tion it may be in order to show wherein the 


tric furnace operations differ. 
1. In the openhearth opera- 


tion a large percentage of the 
carbon, silicon and other readily 
oxidizable elements are lost, due 
to reaction with the oxidizing 
gases which must be present if 
the fuel is to be utilized effi- 
ciently, or if a sufficiently high 
temperature is to be obtained. As 
the source of heat in the electric 
furnace is not dependent on the 
combustion of either a liquid or 
gaseous fuel, the loss of these 
oxidizable elements is  conse- 
quently lessened, and more accu- 
rate control is therefore made 
possible. 

2. Phosphorus can be reduced 
to the desired point during the 
oxidizing period in the electric 
furnace; the slag containing the 
phosphorus which has been elim- 


inated from the steel can then be 
skimmed off, thus removing the 
possibility of having phosphorus 
revert to the metallic bath. In the 


the Form 


openhearth process it is possible, 
during the oxidizing period, to 
reduce the phosphorus content of 
the metal to the same extent as 
in the electric furnace, but there is always dan- 
ger of reversion of the phosphorus when the 
bath is deoxidized. The use of a tilting furnace 
and two slags might eliminate this possibility, 
but there are certain objections to the use of a 
tilting openhearth furnace, one of the most 
serious of which is the considerable difficulty 
of making a really tight connection between 
the furnace proper and the two stationary end- 
portions. 

3. Sulphur which is partly removed during 
the oxidizing period may be brought down fur 
ther in the electric arc furnace —to below 
0.015. if desired — during the reducing period 
It is eliminated by the formation of either cal! 
cium sulphide or silicon sulphide, or both. In 
the basic openhearth furnace it is possible to 
lower the sulphur to approximately 0.025' 
relatively much higher than the figure give! 
above for the electric furnace. This can lb 
accomplished by using a low sulphur fuel, 2 
very limy slag, a high manganese pig iron, « 
manganese added to the charge (when t! 
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e finished steel will per 
rit it). 

{. In the openhearth 
irnace it is necessary to 
aintain an oxidizing con- 
lition in order to retain 
phosphorus in the slag. 
Deoxidation of the steel 
bath must therefore 


»ccomplished by introduc- 


be 


ing alloys with greater 
affinity for oxygen than 


that of iron. Among these 


elements are manganese, 
aluminum, 
titanium, calcium, 
zirconium and 


It is also important 


silicon, vana- 
dium, 
magne- 
sium. 
that the products of deoxi- 
dation be readily fusible 
and that they coalesce and 
the slag. It is 
possible that a_ tilting 


openhearth furnace would 


rise into 


solve this problem of 
through the 


use of a second slag which 


deoxidation, 


he 


to make either a 
In other 


removing the oxidizing slag, 


neutral a strongly reducing slag. 
words, in the electric furnace the atmosphere 
and the slag can both be utilized to aid the other 
In the 


it is necessary to rely on 


elements in deoxidizing the steel bath. 
openhearth, however, 
deoxidizers exclusively. 


Manufacture of Electric Steel 


In the operation of the basic are electric 
furnace we have two distinct periods, first an 
the melting 
period in 


oxidizing period which induces 


and second, a reducing 
which the deoxidizing slag (termed “white” or 
“falling”) There 
may be 


operation 


is peculiar to the are furnace. 
variations in the practice during each 
stages, depending on the character of 
This will 


of these 
the charge and the product desired. 
be shown in the following description of cur- 
rent practice. 


Modern ‘Lectromelt Furnace (6-Ton Capacity) 
Can 


Has Removable Roof, 


Placed by a Drop-Bottom Bucket or Magnet 


The degree of oxidation 
It may be that oxida- 


Oxvidizing Period 
aried as required, 
(as shown by first slag and 


can be v 
tion is not desirable 
first table), 


reducing 


metal tests in the in which case the 


slag will be made without “slagging 


off” 
plete. 


melting operation is com 
to the 


scrap 


as soon as the 


Any oxidation of the metal is due 
oxide (scale and rust) charged with the 
and iron, plus that resulting from infiltration of 
This practice is generally used in melting 


sufliciently 


air, 
scrap rich in alloys and low in 
phosphorus so that no steps to remove a part of 
this impurity are required. The amount of car- 
bon and manganese in the charge is so regulated 
that the content of these elements in the bath, 
when ready to be tapped, is equal to, or slightly 
below that required in the finished steel. On the 
other hand, it may be desirable (and most fre 

quently is) to produce a definitely oxidizing slag 
which will lower the carbon content of the bath 
to the desired point and which will eliminate 


the excess phosphorus and a portion of the 
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Lh Metal and Slag Tests for High Speed Steel onto the bare metal. The 
fhe chief functions of this 
; METAL SLAG reducing slag are to deoxi- 
Exement Test No.1 Test No.2) Compounn rest No. 1 lest No. 2 dize the metal, to bring 
AR down the sulphur content 
0.68 0.74 C 0.10 of the bath, to protect thy 
( Mn 0.19 0.22 MnO 0.19 0.05 tal f1 dati 
S 0.016 0.012 SO 0.45 0.46 to prevent absorption of 
i Si 0.12 0.26 SiO 20.18 23.68 carbon. 
4 Ni 0.10 0.10 
; ‘i 0.1 10 rhe type of reducing 
Cr 2.78 1.27 Cro None None 
y W 18 39 18 87 Wo None None slag utilized depends on 
32 
; V 0.81 1.19 V.O 0.52 0.07 the kind of steel produced 
Al.O 2.18 In the manufacture of 
1) CaO 67.69 66.0: 
4 
: MeO 7.78 3 64 high carbon toolsteel, high 
i FeO 0.85 0.80 carbon alloy steel, or high 
if Color White White speed steel, it is common 
1 Nature Disintegrating | Disintegrating practice to produc > a car 
if bide slag — that is, a slag 
iy to which a generous quan- 
. sulphur (as shown by slag and metal tests in tity of finely pulverized carbonaceous material 
. the second table). In this case, when the phos- is added. The carbon combines with a certain 
if phorus and carbon have both been brought part of the lime already present to form calcium 
j down to the desired point, the first slag is carbide (CaC.); when cooled the slag turns to 
removed and a second slag is formed. As the pale gray powder; under certain conditions, 
i character of the raw materials is usually such when slaked with water, the familiar smell of 
‘| that elimination of a certain percentage of phos- impure acetylene is noticed, indicating the pres- 
i phorus is necessary, this is the practice that is ence of calcium carbide. <A typical analysis of 
i} more generally used. such slag, made in the production of carbon 
i Reducing Period — When the desired 
carbon and phosphorus contents have been | 
attained, the oxidizing slag is removed by Ill 
ic an operation known as “slagging,” leaving Auxiliary Electrical Equip- 
4 the metal temporarily skimmed and ment Has Been Improved 
Pall exposed to the atmosphere of the furnace. Vastly With Passing Years. 
7" | rl md slag is made up by charging Photographs show the 4000- 
sec slag 1s ade charging 
calcined lime, fluorspar and finely pulver- three electrode lifting motors 
4 ized ferrosilicon in the proper proportion and counterweights (right), 
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wlsteel, is as follows: 
0.355 MnO, 13.5¢¢ SiQ,, 


Metal and Slag Tests for Stainless Iron 


14% 61.05 CaO, 2.3% Merar 
MeO, 0.75%, FeO, 
and CaS. ELEMENT) Test No. 

In the production of low 
arbon, high alloy steels such C 0.04 

par: Mn 0.05 
is the varsous grades of stain- P 0.010 
less, it is necessary use 0.025 
ther reducing agents than Si 0.05 

. . Ni 0.19 

. It is customary in 
arbon t is ¢ mar} Cr 0.04 
making up the reducing slag Mo wae 


to use pulverized ferrosilicon, 
silicon-zirconium, calcium- 
silicide, manganese -silicon, 
md shot aluminum. 

When the reducing slag is 
lirst made up it is dark in 


SLAG 
ONXIDIZING REDUCING 
1 Test No.2 Compounp (Test No.1)! (Test No. 2) 
0.09 None 0.04 
0.51 Mano 5.84 0.63 
0.013 P.O 0.30 0.03 
0.022 SO, 0.21 0.50 
0.26 SiO, 14.10 27.41 
0.50 
12.84 Cra 0.86 0.35 
0.41 
ALO 3.20 5.19 
CaO 20.51 416.39 
MgO 11.42 15.40 
FeO 41.96 1.00 
CaF 1.60 3.06 
Color Black White 
Nature Stable Disintegrating 


color, as it is contaminated 
with metallic oxides that have 
worked out of the bath as well as with oxides 
formed on top of the bath during the slagging 
operation. As the oxides are reduced by suc- 
cessive additions of reducing agents to the slag 
the metallic elements such as iron, manganese, 
tungsten, chromium and vanadium, return to 
the bath. The progress of deoxidation can read- 
ily be followed by observing the surface of the 


slag, by fracturing samples of the slag, and by 
examining the solidification of a sample of the 
metal. As the oxides in the slag are reduced 
and the oxides in the metal are removed by con- 
tact with the reducing slag, the slag will vary in 
color, black, brown, green, light gray and white. 
The colors obtained during this transition 
period depend on the alloys that have been 
added to the charge. 

Alloys to meet the chemical 
HW Il specification are added to the bath 


during this period. When deoxida 
tion is complete the slag is pale gray 
or white in appearance and disin- 
tegrates rapidly. The temperature 
of the bath is then regulated until 
the proper tapping conditions are 
attained. 

This rather cursory statement 
of toolsteel practice, using the basic 
lined, are furnace as the melting 
and refining medium, indicates that 
the are furnace is capable of desir 
able metallurgical operations which 
are possible in the fuel-fired open 
hearth furnace only with difficulty. 
Its obvious advantage over the cru 
cible process, as described in Mrerat 
Progress last December (page 775), 
is in the ability to refine a charge, 
rather than just melt it. A subse 
quent article will consider the latest 
melting equipment for special alloy 
steels, namely, the coreless induc- 


tion furnace. 
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history and foundry practice 


ilicon Anteys 


An interesting post- War development has been the commercialization of copper 
silicon alloys, usually with a little of a third element, by the country s leading 
brass mills, each under its own trade name. In the cast form they are the equiva- 
lent in most respects of the more expensive tin bronzes and gun metal. A second 
article will deal with their properties and uses in the form of plates, sheet and bars 


VER SINCE HIGH GRADE SILICON METAL OR SILICON- 
E copper alloy has been readily available, it 
has been used quite widely as a “flux” for cop- 
per and its alloys — that is, to promote sound- 
ness in ingot or casting. Even before that time, 
as early as 1883, a “bronze” containing 0.93%, 
silicon was investigated by E. Van der Ven, and 
in I885) “silicon bronzes” were being made into 
telegraph wire by Lazare Weiller in France. 
As described in “Traité Général des Lignes et 
Weiller and 
Vivarez, the process patented by Weiller in 


Transmission Electriques” by 


Germany in 1882 consisted of melting the copper 
under potassium fluo-silicate flux and stirring 
in a little metallic sodium to reduce the silicon: 
the resulting metal contained little, if any, 
residual silicon. 

Bridgeport Brass Co. in the 1890's made a 
bronze wire called “Phono-Electric” containing 
nominally copper and 114°. tin, fluxed 
with ai 1d‘, “hardener.” 
Although there was so little residual silicon in it, 


silicon-copper 


it then had as good a right to be called a “silicon 
bronze” as a copper alloy similarly treated with 
phosphorus to be called a “phosphor bronze.” 

It was anticipated that this material would 
be useful for telephone circuits (hence the 
name) but as a matter of fact, it achieved suc- 
cess as trolley wire for heavy 
traffic street railways, where it 
was three times as durable as 


By Ernest E. Thum 


Editor, Metal Progress 


hard drawn copper wire, and the originators 
monopolized this small market. <An_ even 
stronger wire (at corresponding expense of con- 
ductivity) containing 20% tin was also made for 
telephone “drop wires,” the short lengths lead- 
ing from poles to house connections. 

In 1921 the New Haven railway asked 
Bridgeport Brass Co. if it could furnish a bronze 
messenger cable to replace the steel cable then 
in use on its electrified divisions, but badly cor- 
roded by the sulphur-bearing smoke and cinders 
from locomotives operating on the same tracks 
lor this purpose electrical conductivity was not 
so necessary as high strength and corrosion 
resistance. It was quickly found that 1°% silicon 
added to the drop-wire composition gave an 
alloy that could be hot rolled into rods and 
then drawn to over 100,000) psi., still retain- 
ing ample ductility for a bend around its own 
diameter. This alloy of copper, tin and 
silicon, known as “Phono Hi-Strength,” 
served as messenger cables on practically all the 
railway electrification projects prior to the 
depression. A historical note is that the eng!- 
neering firm of Gibbs and Hill was the first to 
apply it in the electrification of the Virginian 
Railway. 

The first important application of this cop 
per-tin-silicon alloy in other 
industries was for cap screws (0 
hold ends on evaporator she's 
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for Frigidaire units, where a corrosion resistant 
fastener must be strong enough to compress a 
lead gasket on the mating surfaces. The wire, 
cold drawn to 90,000 or 100,000 psi., still had 
enough residual ductility to be cold headed and 
coll threaded, and for this use the alloy was 
called “Duronze,” that is, a durable bronze. 
Other Duronzes were later formulated and 
marketed. For instance, the above’ ternary 
alloy, Duronze I, was not so good in the form ‘of 
hot headed ®4-in. bolts, because the strength 
derived from cold working was lost in the 
reheating operation. Consequently “Duronze 
a binary alloy, 97‘. copper, 3% silicon, 
stronger when annealed, was promoted. (Still 
later “Duronze HI,” copper, aluminum, 
2°) silicon, was the byproduct of a search for a 
light weight, conductive alloy for suspended 


electrical constructions.) 
Ternary Copper-Silicon Alloys 


So much for the commercial history of 
an alloy that can fairly be called a binary cop- 
per-silicon alloy. Most of the present “silicon 
bronzes” contain a third element. Notes on this 
development will now be given. 

During the War a search was undertaken 
by Charles B. Jacobs on behalf of the Du Pont 
chemical interests for a strong copper alloy of 
superior resistance to hydrochloric acid at vari- 
ous concentrations and temperatures. It should 
preferably have little or no 


found that when the silicon much exceeded 3‘:, 
the alloys became so hard that they were rather 
difficult to manage; likewise that if these high 
alloys were dead melted and cast into a sound 
ingot or shape they would solidify with quite a 
coarse grain and be brittle when cold, Ductility 
he found to be improved by the addition of a 
third element (preferably manganese, another 
deoxidizer) and a patent along these lines was 
issued to him. 

The alloy, composed approximately of 
96°° copper, 3 silicon, 1° manganese, proved 
itself very useful in many applications in the 
plants of its original sponsors, having a desir- 
able combination of strength, corrosion resist- 
ance, workability and over-all economy. 
Corrosion resistance is, in general, equivalent to 
that of pure copper, as it is also approximately 
equal in thermal expansion, specific heat and 
specific gravity. The material therefore was 
readily adaptable to many old applications. 

The Du Pont company, although equipped 
to produce its own requirements in copper 
alloys, was in no position to exploit this 
improved material, so the underlying patents 
were sold to American Brass Co., whose oflicials 
were much impressed with its ability to com- 
pete with stainless steel, so vigorously being 
promoted for its” strength and corrosion 
resistance. 

In former years copper was ordinarily 


thought of when superior corrosion resistance 


" Properties of Cast and Annealed Test Pieces E. Voce 
metal was embarrassing 
American industry. Silicon ULTIMATE 
was a logical element to try STRENGTH) IN2IN. | OF AREA | HARDNESS 
for at least three reasons: me 
Silicon-copper castings 
(a) Low percentages of sili- 3.0 % Si 33,000 36 47 66 
con form a homogeneous 4.6 Si 36,500 16 17 95 
solid solution with copper, (as cast 52,000 
t] Gun metal 
ch stronger than the pure 10% Sn. 4% Zn 38,500 26 25 
metal; (b) high silicon cast Phosphor bronze (as cast) 
irons were known to be 12.5% Sn, 1% Zn, 0.24% P 34,500 7 8 83 
. Aluminum bronze 
strongly acid resistant; (c 
Al (not annealed) 64,000 18 28 112 
unlimited amounts of silicon 


are available at a moderate 

price. In the first respect 

(strengthening by solid solution effect) silicon 

is Similar to zine, tin, aluminum and nickel, but 

is about three times as potent as tin, as is 

roughly indicated in the above tabulation. 
Mr. Jacobs was primarily interested in the 

casting and machining properties of the alloy 

rather than in its hot working properties. He 


was sought. Stainless steel not only has that, 
but great tensile strength as well. Copper 
silicon alloys are the first copper alloys of com 
parable physical properties. It has excellent 
welding characteristics, so necessary for modern 
fabrication. Commercially, therefore, it) has 
been a success, because it has put much copper 


Varch, 1938; Page 259 


2 


into new applications not open to the older 


brasses and bronzes, and enabled the copper 


industry to compete with some of the valuable 
iron alloys recently discovered. By 1930. the 
early troubles in mass production had been 
surmounted and commercial promotion had 
been so successful that rival mills pricked up 
interest and two or three variants were intro- 
duced by them. 

Revere Copper and Brass added 0.5‘. tin 
to a 3% silicon-copper alloy for its “Herculoy 
118." and Chase Brass and Copper Co. added 1% 
zine instead, to form “Type A Olympic Bronze.” 
Phelps Dodge Copper Products Corp. acquired 
rights under British patents issued to Vickers- 
Armstrong for “P.M.G. Alloy,” wherein by 
proper proportion of hardener, 1.5‘. iron is 
added as a third element to 3¢¢ Si, 95.5%. Cu. 
American Brass Co. uses the trade name 
“Everdur” to include the copper-silicon-man- 
yanese alloys of the family patented by Jacobs. 

Each of these variants is claimed to have 
special advantages — such as that a little zine 
will improve the casting properties or soundness 

but it is also probably true that the third ele- 
ment is litthe more than a “sweetener” to the 
plain copper-silicon alloy, enabling that special 
advantage to be secured somewhat more easily 
than in the binary alloy. In other words, the 
essential advantages (high strength, toughness, 
corrosion resistance, weldability) are inherent 
in the copper-silicon combination, rather than in 
the third or fourth element in the composition. 
At any rate, practice has now become so stand- 
ardized that the American Society for Testing 
Materials has approved four tentative standards 
covering various forms of the material as 
follows: 


Plates and sheets for pressure vessels B96-36T 


Sheets for forming 397-36T 
Rods, bars and shapes BOS-36T 
Wire B99-37T 


Federal specifications and U. S. Navy specifica- 
tions are already in existence. 


Foundry Practice 


Many of the brass mills sell casting ingots 
for use in foundries. In these the silicon is 
usually high 1 or over. Quickly melted 
under glass without stirring, there is little loss 
in alloying elements; a thin but protective sili- 
cate film forms almost instantly on skimming. 
Che allovs are quite fluid; correct casting tem- 


perature is as low as the casting can be run 


successfully; it will be about 20007 F. for larg: 
castings, 2100° F. for intricate ones, 22007 F. fo) 
very light ones. 

The old-time brass foundryman looks wit! 
suspicion on all high strength brasses and 
bronzes, because most of them have had diflicul 
ties with trick alloys in the past. A discussioy 
conference held by the American Foundrymen’s 
Association in Detroit in 1936 indicated, how 
ever, that any modern foundry operating unde: 
reasonably good control would litth 
trouble with the “silicon bronzes,” especially i) 
dry or permanent molds. They are cheaper i 
metal cost than tin bronze and easier to handk 
than aluminum bronze, the two alloys of com 
parable properties. Minor variations in practic« 
will depend on the nature of the third or fourt! 
alloving element present. 

Gas, absorbed during overheating or soak 
ing, especially under partly burned fuel gases. 
or stirring, is the principal source of foundry 
trouble, and can be avoided by care in thes« 
respects. Molding practice follows that for gun 
metal, and requires fairly open sand with 5 to 
6° moisture, lightly rammed. Baked molds are 
good for larger castings. Runners should be 
quite large and placed in the cope to act as 
feeders during solidification; high sprues and 
ample reservoirs of molten metal are very 
necessary to feed castings when they must lx 
pressure tight. The metal has a fairly high con 
traction in volume as it goes through the mushy 
range, and porosity or separation at the inter 
crystalline fillings is a common defect if improp 
erly fed. Gates, basins, strainer gates, by-pass 
gates and slow pouring—all are useful in 
avoiding turbulence in the metal while it is 
filling the mold. 

Physical properties of sound metal can le 
measurably improved by annealing at 1300 to 
1350 


equipped to do this in a routine manner. This 


. although foundries are seldom 


is primarily to homogenize the structure, for in 
common with all alloys that solidify over a con 
siderable range in temperature, the primary 
crystals, as cast, show pronounced cores. How 
ever, properly made castings, even withou! 
annealing, will not show any “chill skin” on a 
fracture, and a smoothly sawed surface wil! 
corrode uniformly when pickled stron 
acids. In general, castings are even less sus 
ceptible to stress corrosion and penetration th: 
the same composition after rolling into plate 
sheet. 


Aside from numberless applications in t! 
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wn Below Is the Copper-Silicon Constitutional Diagram, Accord- 

Cyril S. Smith, and Structural Diagram of One Corner of 
ner-Silicon-Manganese Ternary System, According to E. Voce. 
interdendritic 
after a homogenizing 
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chemical industry and allied process industries, 
large uses for cast silicon bronzes have been for 
cylinder liners, valve bodies and stems, hydrau- 
lic fittings, transmission line connectors, and 
conduit boxes and outlets where hot or corrosive 
solutions or high pressures must be resisted. 
Marine hardware, parts for domestic washing 
machines and garbage disposal devices are other 
applications. Naval uses are extensive and have 
warranted the issuance of specification 46B28 
by the U.S. Navy and QQ-C-593 by the Federal 
Specifications Board. 


Copper-Silicon-Manganese Alloys 


The principal publication, and one which 
contains a systematic survey of the copper-sili- 
con and copper-silicon-manganese alloys, is by 
EK. Voce of the British Non-Ferrous Metals 
Research Association in Journal of the Institute 
of Metals, 1930-1], page 331. From this’ the 
diagrams on page 261 are taken. 

The binary equilibrium diagram by Cyril S. 
Smith shows that an alpha solid solution exists 
up to about 4.0%) at room temperature and up to 
about 700° F., and this solubility increases mate- 
rially at higher temperatures. The alpha solid 
solution is a face-centered cubic lattice whose 
parameter increases slightly with increasing 
silicon content. The gamma solution is quite 


complex, containing 20 atoms in the unit cube 
known as the “beta manganese structure.” 
When annealed metal containing say 5‘ silicon 
is slowly cooled the gamma is precipitated in 


Cast Iron Gears 
By Oliver Smalley 


\bstract from a paper for American Gear 
Vanufacturers Association, 1937 


Cast gears are not necessarily confined to 
parts where stresses are necessarily low and 
operating conditions relatively unimportant. In 
recent years, due to the advancing knowledge of 
metallurgy and the improvement in the art of 
foundry practice, cast iron offers for many types 
of gears properties that not only compare with the 
so-called superior metals — steel and bronze — but 
advantageous properties thal are peculiar to itself, 

Briefly, the progress of all methods of improve- 
ment of the so-called modern cast irons may be 


thin plates in the alpha grains. These plates 
etch bright bluish-white with ferric chloride. 
Being a quite brittle constituent, its presence js 
undesirable, despite its strengthening effect. 

Mr. Voce’s structural diagram shows that a 
third constituent appears in castings when any 
sizable amount of manganese is present. For 
convenience it is called X constituent; it appears 
between the primary crystals and etches brown 
with ferric chloride. The X constituent disap- 
pears on annealing. 

The ternary diagrams show the tensile 
strength, Brinell hardness and elongation of cast 
alloys, and the Izod impact values on_ the 
annealed specimens. It will be observed that 
manganese has rather small effect on tensile 
strength (the contours roughly paralleling the 
manganese base-line), but that moderate 
amounts of it improve the ductility of the strong- 
est alloys (8 to 4% silicon) and insure the tough- 
ness in annealed castings of a fairly wide range 
of analyses. These diagrams indicate clearly 
the logic of Jacobs’ original choice—3 to 4% 
silicon and one-third as much manganese, at 
least as far as these physical or mechanical 
properties are concerned. 

Mr. Voce found that all the binary silicon- 
copper alloys up to 5° gave good, machinable 
castings with tensile properties and hardness 
similar to the usual tin bronzes and gun metal. 
Addition of manganese was found to change the 
corrosion resistance litthe if any in common 
acids, mine water and sea water, and in heated 
air up to 13007 F. 


said to have been concentrated in the control of 
both the quantity and form of the graphite in a 
matrix of some predetermined physical constitu- 
tion. Many methods have been developed to 
accomplish this, such as: (1) Melting with low 
total carbon in the electric furnace; (2) addition of 
special alloys; (3) pouring borderline irons in hot 
molds; (4) using special methods of casting, fol- 
lowed by a complex heat treatment. 

A special form of the second category is a 
distinctly American development patented by G 
F. Meehan about 15 years ago and marketed as 
“Meehanite.” As described in Metal Progress for 
May 1932, “the graphite in this process is controlled 
by adjusting the chemical composition (principalls 
by melting much steel, if in the cupola) to a poin! 
where the castings would normally be white iron, 


and then causing all (Continued on page 30: 
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manufacture and use 


of Powdered Mi 


WO SESSIONS DEVOTED TO POWDER METALLURG) 
[ina the largest audiences at the annual 
meeting of American Institute of Mining and 
Metallurgical Engineers in New York last 
month, and testified to the widespread interest 
in this new phase of the art. Six papers of 
descriptive nature were read. These, together 
with articles by Charles Hardy and Sam L. 
Hoyt which have appeared in Metrat Progress 
and Transactions &, will contain about all the 
information that has been published of a gen- 
eral nature in American literature. Scientific 
and technical articles have mostly been con- 
fined to the metallurgy of tungsten. It will 
therefore be a mild surprise to many readers of 
the new book by W. D. Jones entitled “Princi- 
ples of Powder Metallurgy” (Longmans, Green 
and Co.. New York) to find so many references 
lo scientific work done on various aspects of 
this problem in Germany and England. 


Manufacture of Powders 


Speaking broadly, powdered metals may be 
produced in many ways and are utilized for 
many things besides reconsolidating into sizable 
metallic objects. D. O. Noel and associates with 
Metals Disintegrating Co. listed no less than 11 
different methods of production: 

1. Machining — that is, file seruf (which 
gives the finest particles) or lathe turnings 
(such as iron for chemical reagent or mixing 
into hard-finish concretes). Except in the case 
of expensive dental alloys, this method is too 
expensive except to make a byproduct. 

2. Milling or grinding in stamp mills or ball 
mills (usually preceded by shotting, as below). 


rittle metals can be ground easily, although 

ie harder ones may generate so much heat 
(unless cooled) that they become malleable and 


smear.” The more malleable metals grind into 


flakes, and in this way are produced the various 
Malleable metals 
must be cooled to prevent welding into lumps; 


powders used for pigments, 


this is usually done with a lubricant like 
stearic acid carried in a solvent. The manu- 
facturing technique is similar to fine grinding 
of an ore prior to concentration — a continuous 
flow of the liquid carries out the finest particles 
which are then separated in classifiers and the 
coarser portions returned to the mill. The finest 
sludges are then dried by evaporation, leaving 
each particle covered with lubricant; the parti- 
cles are polished in a drum containing internal 
brushes, and then aged for weeks or months, 
during which they acquire in some way the 
property of “floating” on the surface of a paint 
vehicle and thus drying into a skin of overlap 
ping flakes. Flaky aluminum is also used for 
curing rubber and for fireworks; flaky copper 
for commutator and collector rings to men 
tion some applications other than paint. 

4. Shollting is done by pouring liquid metal 
through a sereen and allowing the drops to 
spheroidize by surface tension during free fall 
into a quenching tank. Lead shot for firearms 
is made thus, as well as aluminum shot for 
deoxidizing steel. “Feathered zine” is made by 
dropping splatters of liquid zine into water. 

Graining or granulation. If a metal on 
alloy is violently stirred while it is solidifying, 
oxidized particles form — rather coarse in size 
but suflicient, say, for aluminum in the thermit 
process, and granulated brass for brazing. 

5. Alomization — a trickle of metal drop- 
ping into a blast of steam or air. An inert gas 
might be used but it would greatly increase the 
hazard of spontaneous combustion, for oxide 
coated particles (about 0.2. oxide by weight) 
are reasonably safe. The particles themselves 
have a characteristic shape of ragged tear 
drops. Particle size is said to be controlled bet- 
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ter by blowing steam or air under the surface 
of the molten metal. At any rate, atomized zine 
is used for a chemical reducer and for sher- 
ardizing, atomized aluminum for fireworks and 
calorizing, and aluminum plus copper hot 
pads for therapeutic purposes. 

6. Condensation of metal vapor the 
“blue powder.” zine condensed to frost rather 
than liquid) gives a finer particle size but con- 
tains more oxide if secured merely as a cheap 
byproduct of distillation. 

7. Carbonyl powders are tiny spheres of 
onion structure ranging from 1 to 10 microns in 
size. Tron and nickel are available in this form. 
If oxides in the form of roasted ore are reduced 
with hydrogen and then treated in a pressure 
vessel with CO at slightly elevated temperature, 
the carbonyl, a compound like Fe(CO).. comes 
off as a gas. When pressure and temperature 
are lowered, usually by diluting with nitrogen, 
the carbonyl decomposes and the metal comes 
down as a shower of fine particles, very pure 
except for their content of carbon and oxygen. 

S. Reduction, 
refractory metals like tungsten and tantalum. 


Typical) products are the 


Chemically purified oxides are heated and 
reduced to a sponge, usually by hydrogen. 

Chemical Precipitation. The best exam- 
ple is “cement” copper, a sludge precipitated 
from mine water or dilute leaching solutions by 
passing it over iron scrap. This is good only for 
further purification, although fine tin is some- 
times made by precipitation on zine from chlo 
ride solution. 

10. klectrodeposition is utilized to make 
many metallic powders. Those cell conditions 
which produce coherent plates are modified to 
make a spongy deposit. as by increasing the 
current density and temperature, or by enrich- 
ing the solution in acid. These powders are 
light and fluffy ervstals after washing carefully 
and drving in a more or less inert gas. 

Il. Distillation (or dissolution) of a vola- 
tile constituent from an amalgam or alloy will 
leave the more refractory one behind in a very 
line sponge, highly reactive, for pyrophoric 


materials or catalysts. 
Why Do Compacts Cohere? 


Methods such as these obviously produce 
powders of widely different grain sizes, shapes, 
purity, and surface conditions. A large portion 
of Dr. Jones’s new book, noted at the outset, is 


concerned with a discussion of how these fac- 


tors affect the cohesion of a dry-pressed con 


pact and the welding and consolidation durir 
subsequent heat treatment. 

Most of the methods of preparation perm) 
an oxidized surface to form on the particle 
In fact, as Mr. Noel pointed out, if an oxide-fre 
surface were prepared, it would be destroyed a! 
first exposure to the ambient) atmosphere 
sometimes, even, with disastrous generation o! 
heat. Dr. Jones believes that the particles cay 
cohere only as rubbing and pressure” break 
through this oxide film, allowing metal-to-meta! 
contact and instantaneous welding such 
points. An example of ready weldability of 
clean metal particles is the gold which dentists 
tamp into a tooth cavity. Heat treatment of a 
compact of less noble metal iron. 
copper should obviously be done an 
atmosphere which reduces the oxides on the 
particles’ surfaces. The exact mechanism 
whereby point contacts (welds) between pat 
ticles spread into larger areas and the whol 
porous mass consolidates and shrinks to very 
low porosity is so obscure that Dr. Jones's dis 
cussion of it reads like a series of unanswered 
questions. Gas, either entrapped in the com 
pact, or occluded on or dissolved in the metal! 
particles, has an important bearing on the ulti 
mate porosity of the heat treated or sintered 
article, and its shrinkage or warpage from the 
pressed shape. 

These changes in volume during heat treat 
ment, and the phenomenon of “bridging” during 
pressing which limits the depth of loose powde: 
that can be uniformly compacted under pres 
sure, led one commentator at the A.I.M.E. meet 
ing to state the apparent present limitations of 
powder metallurgy to rather small articles 
made in large quantity and not highly accurate 
in dimensions, thus being analogous to die cast 
ing or drop forging in the mass productior 
industries. 

This observation was contested by friends 
of the process. One said that accuracy of 0.002 
in. per in. was obtainable by re-pressing afte: 
preliminary sintering (but this is not “accu 
rate” to men who are used to splitting thou 
sandths, and involves two extra operations) 
Another cited the manufacture of a pair o! 
work rolls for a cluster mill, compacted of hard 
particles, to prove that size is not necessarily 
limited (but two rolls can hardly be called mass 
A third believed that if the pat 
ticles were made of purest metal they would 


production). 


be soft enough that pressing could be done a 
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w pressures on the order of those used for 


‘kelite — and the sizes correspondingly large 

ul here again crops up the fallacy that pure 
etals are soft or have any other desired super- 
roperts an idea disproved in this instance 
v the difliculty of compacting tungsten, chem- 
ally prepared to almost spectroscopic purity 

and that pure metals can be cheap enough 
to compete with commercially pure ones). 


Classification of Applications 


Gregory J. Comstock presented a thought- 
appraisal of the present commercial 
situation in “Types of Metal Products — a Clas- 
sification” The oldest and best known reason 
for using powdered metals is for the prepara- 
tion of refractory metals like tungsten, 
tantalum, columbium or molybdenum, unpro- 
curable otherwise. The second unique property 
cited by Mr. Comstock is also responsible for 
large-scale operation the making of a metal- 
lurgical concrete, whose aggregate retains its 
individual characteristics unchanged, This 
includes (a) cutting materials of hard carbides, 
borides or diamonds cemented with ductile 
metal like cobalt, and (b) electrical contactors 
of silver, for conductivity, and graphite for 
lubrication. 

Third important class of objects has unique 
structural effects; this includes (a) porous bear- 
ings; (b) a continuous sponge of high 
conductivity copper strengthened by hard, 
unvielding tungsten for spot welder clectrodes; 
ce) contact points with flaky copper arranged 
in parallel lavers to conduct current; (d) disks 
having magnetic and non-magnetic compo- 
nents. Another important ability of powder 
metallurgy is to compound mixtures and, by 
controlled heating, limit the amount of alloving 
if the contacting points and thus make articles 
ft two or more metals which transcend the 
nicrostructural limitations of melting and 
casting; this item is especially important in 
magnetic allovs like iron-nickel-cobalt. 

To this classification might be added 
inother item, namely, the addition of a some- 
What porous surface to a piece of rolled metal. 
instances are clutch disks of steel with a thin 

iver of copper on the surface, and sprayed 
satings from a flame gun using metal powders 
stead of fusible wire. 

Four large-scale present operations (refrac- 

ry metals, hard carbide tools, porous bearings, 


d electrical contactors) will, in Mr. Com- 


stock’s opinion, be augmented by others where 
the end result can be achieved more cheaply 
or more effectively when starting with powders 
Of great promise are such methods for han- 
dling metals of greatest purity. Likewise he 
believes that coins can be more cheaply made 
of powders than from metal strip, if all the costs 
of rehandling the large amount of scrap in the 


latter process are included. 


Tantalum and Columbium 


A considerable amount of hitherto unpub 
lished data concerning the manufacture of tan- 
talum and columbium was given by C. W. Balke 
of Fansteel Metallurgical Corp. W. P. Sykes 
and Philip M. Mekenna also augmented = the 
available information respectively on cemented 
tungsten carbide and tantalum carbide tools 

Tantalum (and columbium) powder is 
secured from the electrolysis of fluorides; it 
is coarser in size than tungsten powder from 
reduced oxide, and contains up to 100) vol- 
umes of hydrogen which must be completely 
eliminated. Particle sizes of each batch of 
metal are counted, and correct “screen analysis” 
for compacting secured by mixing selected lots. 
Owing to the coarse size of the powder and the 
ductility of the metal, bars weighing 5 to 7 Ib 
may be compacted in steel dies under pres 
sures of about 50 tons per sq.in. Unless condi 
lions are correct the compacts will have porous 
centers due to “bridging” or contain “slip 
cracks” defects which cannot be corrected 
later. Even at best there is enough variation in 
the coherence to cause one side to run hotter 
than the other when the bar is sintered) by 
electrical resistance, and this variation must not 
be so pronounced as to affect unduly the homo 
geneity of the product. 

Such sintering is done in a chamber evacu 
ated to a high degree, the evolved hydrogen 
being continually removed and the heating con- 
tinued until the vacuum remains steady. The 
temperature is just below melting at the core 
(the hottest portion) but this causes no shrink 
age. The porous bar is then heated in vacuum 
and rolled into sheet, which eliminates all 
porosity observable under a microscope. 

fantalum scrap is handled by converting 
it into a brittle hydride, grinding it, and reheat 
ing ina vacuum. The actual powder is thought 
by Dr. Balke to approach molecular dimen 
sions; the material, therefore, being sensibly 


coarse, must be an aggregate at the very start 
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6 -ess-Rupture Tes: 
for 


metal 


heated 


Design of important equipment operating at high ftermperalures, like turbines, 
superheaters and reaction chambers, is based on creep tests. These 
require foo muc h time for routine acceptance or specification purposes, 
and the authors propose an alternative which, they believe, will correctly 
appraise the relative excellence of steels for high temperature service 


I ALL DISCUSSIONS OF HIGH TEMPERATURE APPLI- 

cations it should be recognized that consid- 
erable differences may exist in the necessary 
qualifications. As an example, most applica- 
tions may be divided into two general groups 
depending on the permissible amount of defor- 
mation during service. In certain applications 
the total extension is limited to very” small 
amounts of the order of 1.0% in 10 vears, while 
in others” relatively large deformations are 
allowed and, in fact, the life of the equipment is 
often based on visual extension, Other classifi- 
cations could be made on the relative impor- 
tance of strength, corrosion resistance, or 
structural stability. 

Creep characteristics are an ideal basis of 
design for those applications in which the total 
amount of deformation is limited to very small 
amounts. They are likewise 
of value in the other cases, 
but do not necessarily define 
the complete behavior of a 
viven steel at high tempera- 
ture. “Stress-rupture” char- 
acteristics are also of con- 
siderable value. 

The “stress-rupture” test 


has already been described 


Extracts from a paper for 


By Albert E. White 


re conditions. This is shown 


and C. L. Clark 
Research 


| Jepartment! of Engineering Research 

and Walter G. Hildorf 6 min. 
( ‘hief Metallurgical Engineer 


Timken Roller Bearing Co. 


Y of il 


in a paper before the last @ convention. Ii 
consists of making a series of tension specimens, 
surrounding them with small tube furnaces so 
they are uniformly at some specified tempera 
ture (the regular creep-testing equipment) and 
adjusting the loads so that fracture occurs in 
moderate times ranging from a few minutes 
(short time tensile test, or S.T.T.S. for short) to 
several thousand hours. It differs from. the 
creep test, however, in that the specimens are 
carried to actual fracture and the rate of defor 
mation during the test is not necessarily deter 
mined. Consequently the stresses employed are 
vreater than those in the average creep test. 

All tests to date indicate that the results, 
plotted on logarithmic paper for a given stee! 
at a given temperature, fall on a single straight 
line relationship provided the steel possesses 
surface and structural sta 
bility under the given test 


in the top two lines at the 
bottom of page 267, and 1! 
will be noted that the lines 
include the short time ten 
sile test, made in 0.1 hr. o1 


dainee 


ic higat 


as well as_ those 
requiring about 1500 hr. t 


the Western Metal Conares 
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Stress, /O00 


so determined should 


rcumstances 1s provide information 
lieved that these lines ™ C Mn Si Crp Mo for the design of high 
in be extended a temperature equip- 
nsiderable distance to 0.10 0.38 1.55 485 O51 in 
the right, thus giving a 2s Annealed at /550F. amount of permissible 
close approximation of Brine/ll Hardness /58 deformation is not 
ihe results of a stress- : limited to very small 
rupture test requir- % 20 amounts. The factor 
ing as long as 10,000 ¢ of safety used must, of 
or even a consid- course, be greater than 
erably longer time. 2 15 when the design = is 
A necessary con- ay based on creep char- 
dition of the above is © acteristics and its 
that the steel be § actual magnitude will 
“ depend on the desired 


stable under the tem- 


10 
perature, atmosphere, “Wad life of the equipment, 
and loading imposed. . Pe the particular fracture 
An i ‘i and 


In the absence of suf- 5 - 2 time period used, 
ficient stability, the 205 sil the surrounding media 
| 
straight line has a break -. to which the metal is 
and the right end drops O | to be subjected. The 
at a higher slope. How- 1000 1200 1300 14400 1500 values given in this 
° fe) 
ever, as shown by the Testing Temperature , °F. paper apply to slightly 
bottom two lines on the Stress-Rupture Tests Plotted so That Effect of oxidizing conditions. 
same diagram. several Overheating on Safe Life May Be Determined Stress-rupture 


show that it is still 


used to indicate the 


straight and can be degree of overheating 
extended beyond the longest test with some permissible with a particular steel under a given 
degree of confidence. stress. Such a relationship is shown in the 
Values of the breaking strength which are figure above. If an operating stress of 5000 Tb. 
Testing Temperature | 
20 => 11 00°. 
od 
4 | Mn Si Cr Mo 
0.10 0.45 0.18 5.09 0.55 =n 
Annealed at 15§0°F. 
Brine/l Hardness 13/ 
tit 


02 O04 / 2 170 20 40 100 200 400 4000 2,000 4,000 10,000 


Time for Rupture, Hours 
‘ ime for Fracture Versus Imposed Stress Plots as a Straight Line, Logarithmically, if the Steel Is Stable Under the 
emperature and Atmosphere Imposed. More rapid deterioration (instability) is marked by an angle in the line 
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is assumed at 1000) Fb. then for this particular 


steel the temperature could rise to 11100 F. with- 
out fracture resulting in less than 100,000) hr. 
If the temperature should rise to 1175” F. frac- 
ture 10.000 hr. at 121005 in 
be. and at P1000 in approximately 10 hr. 

Since 


design purposes, comparison of the results from 


would occur in 


creep values have been used 
the two types of test should give an indication as 
to the relative factor of safety to be employed. 
Phose given in the adjoining table were obtained 
under the same slightly oxidizing conditions for 
identical steels. 

A constant relationship evidently does not 
erst per 
ir.) and the rupture strength 
lated to 
the 
containing from 2.0 to 6.06, 
WATS to 
steels containing medium chromium the stress 


required for fracture in 100,000 hr. is approxi- 


between the creep) strength 
(extrapo- 
Hlowever, at the tempera- 
for all the 
chromium is from 


tures considered, ratio steels 


In other words, for pearlitic 
mately twice the stress required for a creep rate 


of OLS, 1000) lire at 1000, or 


would appear, therefore, that stress- 


per either 
rupture tests can be used for design under cer- 
tain conditions and with proper correction for 
the safetw factor, if creep values are unknown. 


for 


Stress-Rupture, Creep Strength, and Ratio 


Rupture Time Versus Ductility 


One of the chief merits of this test js 
believed to be its ability to show the influenc: 
of time, temperature and stress on the resulting 
ductility in any given atmosphere or medium 
This is especially important in those applica- 
tions in which relatively large deformations ar 
allowable and in which the life of the part js 
based on a certain visual extension, In other 
words, in those applications it is of great impor 
tance to know if the particular steel will deform 
this amount, under the given operating condi 
tions, before actual failure results. 

he ductility characteristics of many of th: 
fractured specimens are summarized in a table 
in the & convention paper last fall. 
the ductility to be independent of the fracture 


They show 


time for certain of the steels at certain tempera 
tures, but for others, the ductility decreases as 
the time for fracture is extended. In some cases 
this decrease is not especially pronounced while 
in others it is. A brief discussion of this impor 
tant result is in order. 

Steel LO1S(ED) at 10007 F. may be used as an 


example of a serious decrease in ductility. The 
short time tensile specimen possessed an elonga 


value for the specimen which 
required 10,000 hr. for fra 


tion value of while the corresponding 


ture was only 12.0%. Further 
Stress ror DesigNarep Fracrene TIME Creep SrreNGTH more, the trend of the results 
SATIO (Db) 
1000 Tr. 10.000 Tk. 100.000 oa would indicate continual 
decrease in this ductility as 
— the fracture time was furthe: 
12.800 6.800 Soo 2.700 0.96 
Vi 16.500 20 400 000 13.000 144 extended. At 1200 and 1300 
19.500 15.000 11.750 5,700 0.48 I’. the ductility of this steel! 
ocr + Me 20,000 17,200 14,000) 7,600 0.52 also decreases but the changes 
\l 17.400 13.200 1.000 9,450 05 
of are of a smaller order of mag 
esting Temperature: 11007 | nitude and the trend of thi 
Cro M v.04 values would indicate that the 
oCr + Ma S00 3.000 ductility would not fall below 
\l S 10.250 7.500 5.400 2 600 0.48 20.0%, 
Met: ic exami 
esting Temperature: 1200) 1 Met lographic 
» 500 1200 eon 0.48 tion shows that this pro 
7.000 3.950 2 9200) 1.080 0.49 nounced decrease in ductilits 
6,400 =. 500) 14 0.50 with increasing fracture times 
oCr + Me 7.200 1.700 3.000 1,700 0.57 
5Cr+Mo 5 000 350) 200 is in general a manifestation 
oCr+ Mo+Si 6,200) 1400 3.150 1.600 of either surface or structure 
instabili 
Festing Temperature: 1300) 
1400 With respect to surfa 
700 1.300 stability two types of attac! 
+ Me =) 1.600 must be considered. One ma 
Cy Vik | SOU 1040 
- ) at. « « 
18-8 0.100 5.800 Swill since the entire surface of th 
. (Continued on page 298) 
Festing Te inperature 
18-8 1.100 2 600 i 700 1.400 Metal I rogress, age 
NoTEs extrapolated, ¢b Creep strength divided by stress-rupture for 100,000 hr. 
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nitrogen added from 
itanium Cyano-Nitride 


to the chromium irons 


Chromium-iron alloys, containing 250% « hromium or more 
] 
solidify with very coarse grains and are correspondingly brittle 
The ferrite in these alloys has no transformation points, conse 
tly | 
quently the castings or plates cannot be grain refined by heat 
treatment. Nitroge: causes a liner grained ingot or casting, and 
tiltaniurnm cyano nitride is a good source of this element, giving 


in addition the element titanium which is an excellent deoxicize 


T" VALUE OF NITROGEN IN HIGH CHROMIUM 
steels has been known since the publication 
of Frank Adcock’s paper on this subject by the 
British Iron and Steel Institute in 1926. — Its 
effects have been described in more detail by 
Russell Franks in Jron Age for Sept. 7, 1933, and 
Transactions &, Vol. 23, p. 968, and by J. A. 
Jones in The Metallurgist (supplement to The 
Engineer) for Feb. 28, 1936. It has thus become 
fairly well known that nitrogen is readily 
absorbed and retained by high chromium-iron 
allovs, low in carbon, and that, with a nitrogen 
ontent of about 1% of the chromium, the grain 
size of these ferritic irons and steels is refined, 
vith improved physical properties after long 
periods of time at high temperature, and with- 
out impairment of the resistance to oxidation. 
Nitrogen is generally added to these alloys 
'’ means of the ferrochromium used in making 
nem, a brand of this ferro with a definitely 
gh nitrogen content being available commer- 
Practical experience 
ith this high nitrogen ferro- 


een favorable, however. so 
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iromium has not always Metalluraist. Titar 


that an alternative method for making a desired 
nitrogen addition to high chromium steels may 
be of interest. 

This method, for which patents have 
recently been granted and which has been 
developed in the metallurgical research labora 
tory of the Titanium Alloy Mfg. Co. consists in 
the addition of titanium ecvano-nitride to the 
steel while it is being melted. A representative 
analysis of this compound is about as follows 
80° titanium, carbon, 7‘. nitrogen, 2°. iron, 
and 0.3. silicon. When this is added with 
ordinary low carbon ferrochromium to the 
charge for making steel in the electric furnace, 
this compound is decomposed, the nitrogen 
passing into the steel as chromium nitride, and 
the titanium is liberated to deoxidize the 
steel, eventually being largely lost as titanium 
dioxide. Zirconium ecyano-nitride has been 
found to act in a similar way except that, as if 
is generally lower in nitrogen than the titanium 


compound and more reac 


Comstock tive. more of it must be used 
Alloy Mia C for a given nitrogen addition, 
and the zirconium is always 
P. 269 
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This 
the 
seems to be of 


high 


completely absent from the finished steel. 


paper will therefore deal chiefly with 


titanium compound, since it 


vreater practical interest for improving 


chromium irons and steels. 
in several steel foundries has 
that it is 


vrained, 


Experience 


shown much easier to secure fine- 


high chromium steel castings that are 


sound and free from porosity when titanium 


cyano-nitride is used as the source of nitrogen 


than when high nitrogen ferrochromium is used. 
With the former no special attention to tempera- 
ture or holding the 


time of heat is required, 


LE 


A 
‘ j 
j 
a 
| Heat No. 3 
| 1.1% TiCN 


Test Ingots of 246 


| while with the latter, even with the special pre- 


cautions regarding superheating, porosity due 


to the 
casting is very frequent. 

Several 
evano-nitride are 
simple. To facilitate solution and reaction with 
the metal the 
crushed rather a size 


evolution of gas from the solidifving 


methods of the 


being 


adding titanium 


permissible, all very 
molten should be 
passing through a 
20-mesh screen having been found satisfactory. 
In making the addition to the it may be 
mixed with the low nitrogen ferrochromium and 
both alloys added together to the bath. Or the 
titanium cyano-nitride charged on the 


slag, 


compound 
fine, 


steel, 


may be 


molten iron, after removing the and cov- 
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with the 
Somewhat less desirable methods are (a) add. 


ered immediately ferrochrom) un 
ing just before the iron scrap is entirely melted 
or (b) stirring the cyano-nitride into the com. 
pleted melt after the ferrochromium has hee; 
dissolved. Care should be taken to see that th, 
cyano-nitride 


is not lost by mixing with slag, | 
and of course it should not be preheated as 
ferrochromium The addition 
should be made in the furnace rather than in the 
ladle, since the compound is too refractory { 
mix well with the steel in the short time avail- 
able in the ladle, 


sometimes is. 


and the reaction involving thy 


He at No. 7 Heat No. Ss Heat N 
3.8% TiCN 3.3% ZrCN 


liberation of nitrogen also requires a little time. 
For best recovery of nitrogen the presence of 
some slag which will readily absorb titanium 


dioxide is desirable; in induction furnace mel! 


ing, where there may be very little slag on the 

melt, the addition of a small amount of lime is ' 

therefore helpful. ; 
To illustrate the results obtainable by this 

practice, some tests of 24°) chromium-iron ; 

alloys made in the laboratory will be described x 

Ten heats were melted from Armeo iron scrap | 


and low carbon 


ferrochromium in magnes'@ 
17-lb. Ajax-Northrup high f! 
induction furnace, 


crucibles in a 
quency and each heat w 


poured into a single ingot mold with a refra 
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Heat No. 4 Heat No. 6 
1.89 TiCN 2.2% TiCN 
| 
1 
| 
| 
| 


ry hot top. After pouring, the 
nk head was filled with “Bruenella 
nti-piping powder.” The charge 
wr these heats consisted of about 
St to 63% Armeo iron and 35 to 
6°. ferrochromium containing 66% 
hromium and less than 0.1° car- 
bon. For deoxidation about 0.3% 
ferromanganese (low carbon) and 
15°. of 50°) ferrosilicon were used 
in each heat. 

Two of the heats, No. 1 and 2 
were made without any nitrogen 
addition as a basis for comparison 
and two, No. 9 and 10, were made 
with high nitrogen ferrochromium 
replacing about half the regular 
ferrochromium addition. (This 


Analysis of the Melts 


HEAT | SOURCE OF 

No. | NITROGEN : 
N Cc 

None 0.081 0.12 
2 None 0.156) 0.05 
3 1.1% TiCN 0.155 | 0.08 
4 1.8% TiCN 0.182 | 0.07 
5 1.9% TiCN 0.258 | 0.20 
6 2.2% TiCN 0.240 0.09 
7 3.8% TiCN 0.234 | 0.17 
8 3.3% ZrCN 0.207 | 0.02 
9 20% High N FeCr 0.298 | 0.01 

10 17% High N FeCr | 0.272 | 0.15 


high nitrogen ferro was reported to 
contain 71.2% Cr, 0.06% C, and 
N. The other ferrochromium 
was found to contain O11 N.) 
Five heats, No. 3 to 7, were made 
with nitrogen added in the form of 
titanium cyano-nitride, the amounts 
of this compound added being from 
1.1 to 3.8%; and one heat, No. 8, 
was made with an addition of 3.3 
zirconium cyano-nitride. Alterna- 
live practices within the useful 
range could then be compared. 
The melting practice followed 
by my associate V. V. Efimoff was to 
melt down the iron scrap in about 
2) to 35 min., then add the ferro- 
inanganese, half the ferrosilicon, a 
‘ittle lime, and the first of the ferro- 
hromium mixed with the nitrogen- 
bearing allov. This addition was 


~ 


generally completed in 15. to 
min., depending on how rapidly the 
induction furnace would heat at the 
time when the experiment was 
made. The alloy was then brought 
up to pouring temperature in about 
15 to 20 min. more, the rest of the 
ferrosilicon was added, the 
ingot was poured 3 to 5 min, later. 
The pouring temperature was con- 
trolled by sighting with an optical 
pyrometer on the top of the melt, 
the heat being adjusted so as to 
obtain a reading of 2810° F.. and 
with the usual correction for emis- 
sivity this should represent a true 
temperature of about 3080° F. The 
metal was poured slowly; consider- 
able trouble was experienced in 
maintaining the cast iron stools on 
which the molds were set. 

This practice gave ingots con- 
taining about 23.5 to 245° chro- 
mium, about 0.35. silicon, not 
over 0.20% carbon, 0.012 to 0.124, 
titanium, and 0.081 to 0.298% nitro- 
gen. Analyses are found in_ the 
adjoining table. The higher carbon 
contents were found in Heats No. 
1, 5, 7, and 10 in whieh 1.5% of 
the charge was high carbon ferro- 
chromium substituted for an equal 
amount of low carbon ferro. Heats 
No. 1 and 2, having no nitrogen 
designedly added, were found to 
contain 0.012°0 titanium and 0.081 
to 0.156 nitrogen, showing that 
considerable nitrogen may be 
absorbed from the air during melt- 
ing. This makes it rather difficult 
to control accurately the nitrogen 
content in a high chromium alloy 
melted in small induction furnace 
heats, and also to compute nitrogen 
recoveries from the cyano-nitride 
additions. Assuming a 0.137 nitro- 
gen pickup from extraneous sources, 
the recovery of nitrogen from the 
titanium cyano-nitride in these 
heats varied from 31% Heat No 


Reference Series of Fractures of Tensile 
Bars Ranged in Order of Fineness of Grain 
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3 to 93° in Heat No. 5, (10% to 71‘ in the then cut into 6-in. lengths, using the lower cep- 
others); recovery from the zirconium cyano- tral parts of the ingots as much as possible, ond 
nitride (containing about 2.5‘. nitrogen) in heat these short samples were heat treated and siub- 
No. 8 was about 90°,. Figuring the two heats, sequently machined into tensile test specimens 
No. 9 and 10, made with high nitrogen ferro- !, in. diameter between shoulders 2 in. apart 
chromium on the same basis the results come to One bar from each ingot, however, was tested as 
158 to 144',, indicating that the nitrogen content forged, without any heat treatment. The heat 
of this alloy must have been higher than treatments which were applied to the others 
reported by the manufacturer. Titanium recov- were as follows: 


eries were only 2. to £.5°., and the zirconium 


A — None; tested as forged. 
recovery was nil. . 


Annealed at 1650 F. 3 hr.. cooled 


The ingots made in this way were cropped 
furnace. 


by nicking and breaking about '. in. below the 


Normalized, 1750° F. Lhr., cooled in air 
hot top. The fracture was photographed so 
‘ ( ‘ . 
Heated at 1950° 5 cooled in air. 
that the grain sizes and soundness may be com- 
pis — Heated at 2150° F. 12 hr., cooled in air. 
pared. The top discards amounted to about 15 
to 25°., but the pipe was not always entirely Heat treatment E was performed in the 
removed, (See cut on page 270.) forging furnace, controlled manually with the 
The cropped ingots were heated slowly and aid of an optical pyrometer. The others wer 
carefully and forged under an air hammer to carried out in an automatically controlled ele: 
about rounds or *\-in. squares. Bars were tric muffle. 


Heat Treatment - A a C Fle 
120 
Tensile Strength (Dark Co/urnns/ 
kKield Point ( Bis nk Columns] 

60 | 

50 

40 

Reduction of Area (Dark Columns), Elongation Blank Columns) 

so | Sizes. __| , | 
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Heat | Heat 2 | Heat | Heat 4 | Heat 5 | Heat 6 | Heat 7 | Heat 8 | Heat 9 | Heat! 
Untreated—><— Little 7/CN—>— Over /.8% CN—>« >< High N, FeCr 
Diagram Showing Graphically the Tensile Properties of 24% Chromium 
frons, as Affected by Method of Adding Nitrogen and by Heat Treatment 
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8B C D 
‘Nore) [1650°F) (1750) (1950) [2150°F) 
Heat Treatment 

Summary of Effect of Higher Temperature and Longer 
lime onthe Tensile Properties of Three Classes of Heats, 
Dotted lines are averages for Heats No. 1 and 2, with no 
nitrogen intentionally added; full lines are averages [or 
\ >», 6 and 7, with more than 1.8% TiCN; dashed 
lines are heats made with high nitrogen ferrochrome 


lension tests were made at slow speed and 


room temperature, the yield point being taken 
is the stress producing an extension of 0.5‘: as 
leasured under load with a strain gage. Rock- 
vell B hardness was determined on one end 
vhere the grips of the testing machine had not 
een in contact. Variations in hardness were 
ot very significant; the forged bars were B-86 to 
8-96 (roughly paralleling the tensile strength). 


Varch. 1938; 


Heat treatment C, which gave the most ductile 
bars, also produced the most uniform hardness, 
the range for the ten heats being B-82 to B-89. 
Higher and longer soakings tended to soften the 


alloys slightly, the range for heat treatment EF 
being B-79 to B-90. 

In looking over the results it is apparent 
that the samples treated with over 18° TiCN 
and containing over 0.2%) nitrogen from. this 
source had uniformly fine fractures and good 
strength and ductility after all heat treatments, 
while the results from the other steels were 
irregular. Normalizing benefits all of them, but 
the other and longer heat treatments were espe- 
cially designed to bring out the bad effects of a 
coarse grain size. 

The results can perhaps be appreciated bet- 

from the diagrams. In the first figure are 
plotted all the tensile tesi data. (The as-forged 
steels depend to some extent on the finishing 
temperature of forging as well as on the charac- 
ter of the alloy.) It shows rather clearly that 
all the values for Heats No. 5, 
with over 18°) TiCN, are comparatively high, 


6, and 7, treated 


while many of the values for all the others are 
quite low, indicating poor physical properties 
after some of the heat treatments. The vertical 
bars for ductility after long soaking at high tem- 
perature (heat treatment E) are particularly 
interesting, and bring out strikingly the advan- 
tages of the treatment with titanium cyano- 
nitride. High nitrogen ferrochromium gave 
irregular results, showing that a nitrogen con- 
tent alone was not suflicient to insure a fine 
grain and good tensile properties. Some of the 
irregularities in the results from Heats No. 9 and 
10 mav have been due to unsoundness of the 
ingots, although they seemed to forge all right, 
and the heat treated bars were not defective. 

The data are plotted in a simpler way on 
the second diagram. Heats No. 3 and 4, treated 
with insuflicient TICN, and Heat No. 8&8 with 
ZrCN were omitted from this chart, and the 
others were grouped into three classes, each 
curve being plotted from average values for its 
particular class. In this way the consistent 
superiority of the allovs when properly treated 
with TICN is very clearly brought out, with the 
steel made from high nitrogen ferrochromium 
occupying generally an intermediate position. 
(It may be noted that in this figure the tempera- 
ture of heat treatment increases from left to 
right, although not regularly.) 

It was interesting to note from the fractures 
that the grain size of the ingot is not an infallible 
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guide to the grain size and properties of the steel 
Although in 


general the coarser-grained ingots gave bars 


after forging and heat treatment. 


with poorer properties than those that were 
finer-grained, there were notable exceptions. 
Ingot No. 8, for instance, was the finest-grained 
of all, vet the heat treated bars from it were by 
no means the best; likewise some of the bars 
from Heat No. 10 showed good properties, 
although its ingot fracture was coarse. These 
discrepancies may be due to variations in tem- 
perature of the steel when poured that were not 
disclosed by optical pyrometer readings taken 
at the top of the melt. 

These excellent results with titanium cvano- 
nitride in high chromium irons and steels have 
been checked in actual practice at several found- 


yy 
| ries where trouble had been experienced with this addition was 31 to 98°°, while not over 5 
. the soundness of castings. In these tests the of the titanium was retained, it is evident that 
titanium compound when added effectively nitrogen must have been given up by the 
i} always gave sound castings as well as _ fine- titanium to the chromium. The titanium in this 
7 grained steel. The most effective way of using addition then served to improve the soundness 
£ | it, both in are and induction furnace practice, and cleanness of the steel, passing into the slag 
_— was to add it to the bare steel either just before in the usual way as TiQ,. This action is readily 
| the ferrochromium so that the latter covered the explained on theoretical grounds from the 


TICN at once, or mixed with the ferrochromium, 
but without preheating. The amount needed for 


1.5 to 2%. 


somewhat less than the 1.9°° addition required 


Probably in larger scale practice 


in our 17-lb. melts would be suflicient; in lower 
chromium steel, also, less would be needed 

Of course it is not by any means claimed 
that good results are not possible with correct 


25‘. chromium-iron alloys seems to be abou | 


practice with high nitrogen ferrochromium,. Our 
experience, however, in foundries as well as jn Ff 
the laboratory, indicates fairly definitely that 
soundness and successful grain refinement are 
much more readily attained together when TiCN | 
is used as the source of nitrogen. 

The reason for this advantage is undoubt- 
edly the availability of titanium, derived from 
the cvano-nitride addition, for deoxidation and 
scavenging. Since the recovery of nitrogen from 


greater stability of TiO. as compared to TiCN 
under steel-making conditions. 


Allotropy of Stainless Steels 


| Frederick M. Becket, in the Howe Memorial Lecture, 
views such practical matters as weld decay, mixed 
structures, 475° brittleness, and grain size, from the 
scientific aspect of allotropi: changes in the iron 
| 
Eeeenen LAK CORROSION OF THE IS‘) NICKEL, heating to an intermediate temperature range 
| S|. chromium stainless steel was the first is supposed to cause precipitation of carbides 
topic discussed by Frederick M. Becket in his at the grain boundaries in this austenitic alloy, 
| | Ilowe Memorial Lecture, delivered last month and these carbides, being richer in chromium 
before the American Institute of Mining and than the average of the metal, corresponding!) , 
| Metallurgical Engineers in New York City. He 


pointed out that early failures of this corrosion 


where it no longer contains enough chromium 
resistant alloy, temporarily rendered corrodible to be corrosion resistant. 
by improper heat treatment, were matters of Dr. Becket would rather ascribe this 


deplete the alloy in their vicinity to a point | 


history, and the technique of steel manufacture induced corrodibility to the internal mechanica! 


and fabrication should now be well enough strain associated with the allotropic change 11 
known to render any similar trouble inexcus- iron, alpha iron having a lower density than tly 


able. He was not so sure, however, that the gamma from which it was formed. Granted 


widest: accepted theory as to the cause is that 18-8 steel, properly made, is an aggre: 
exactly correct. It may be recalled that mild tion of metastable austenitic crystals at ro: 
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perature, mild heating to say 600° C. (L100 
will cause some of this gamma solid solu- 
» to transform allotropically into alpha 
lid solution with simultaneous precipitation 


ultra-microscopic carbides. It is unneces- 
sary to assume that these carbides are high in 
hromium, for the reaction naturally starts at 
orain boundaries, and is analogous to the for- 
mation of “nodular troostite” in carbon steels 

a metallographic constituent that is most 
orrodible of all the transition products of 
hardening and tempering. This corrodibility 
is. in the lecturer's opinion, due to the internal 
mechanical strain caused by volume differences 
between the two space lattices, and he also 
believes that this internal strain is strong 
enough to cause intercrystalline corrosion in 
18-8 and alloys of mixed austenitic and ferritic 
structure. 

The above course of reasoning justified a 
consideration of intererystalline corrosion in a 
lecture “On the Allotropy of Stainless Steels.” 
Pursuing the matter further, Dr. Becket con- 
sidered the mixed structures — those normally 
containing both austenite and ferrite —- struc- 
tures that in the past have been avoided by 
steel makers. It has been customary, for 
instance, to increase the nickel and add man- 
ganese up to 2° (both elements promoting the 
austenitic phase) in 18-8’s containing much 
molybdenum or other ferrite-forming elements. 

Ferrite, as such, in mixed structures should 
nol be universally condemned, for it would 
appear that a little ferrite causes a strained 
and corrodible structure, whereas an analysis 
that produces considerable ferrite in austenite 
is quite corrosion resistant. For instance, if 
the 8. nickel in an 18-8 is entirely replaced 
by manganese (carbon remaining as low as 
0.10°.), the microstructure contains 40% ferrite 
and the metal may be easily rolled hot. This 
is likewise true if the sum of nickel and man- 
ganese In a low carbon 18% chromium alloy is 
above 10’ For instance, the chromium 
illoy containing 4% nickel and 6°% manganese 
has about 20% ferrite and 80°) austenite in 
's normal structure. Changing the analysis to 
IN’) Cr, 6% Ni and 4% Mn, there appears only 
‘« ferrite, but this is apparently enough to 
‘void high localized internal stresses due to 
llotropic changes and the metal is an excellent 
resistor of industrial atmospheres. It is now 
produced commercially. 

A simplified view of the iron-chromium 
ystem would show the alloys to be alpha 


(or delta) solid solutions when the chromium 
exceeds perhaps 15°. Close students have 
suspected that it is not as simple as this, for 
under certain circumstances the alpha solution 
(body-centered cubic lattice) produces spon- 
taneously a very hard and brittle substance. 
This appears in low carbon alloys like 29 Cr, 
10 Ni, and in the iron-chromium-silicon alloys 
containing 15‘. chromium and higher. It has 
been variously termed the “B-constituent,” or 
the “sigma phase,” or an intermetallic com- 
pound FeCr. Dr. Becket is inclined to the view 
that it is an allotropic phase; among other evi- 
dence is the fact that dilatometric studies show 
its appearance to be associated with an unmis- 
takable contraction in volume. 

Some investigators ascribe the so-called 
“475° brittleness” to this sigma phase, but the 
lecturer assembled facts to uphold his view that 
this effect was rather caused by some other 
submicroscopic precipitate of unknown compo- 
sition. Some facts concerning its occurrence 
are as follows: If a 25° chromium-iron con- 
taining 0.10°° carbon is heated within the range 
100 to 490° C. (750 to 900" F.) and slowly cooled, 
it will be brittle if tested in bending at room 
temperature. However, the metal is not brittle 
if tested at 475° C., nor is it brittle at room 
temperature after rapid cooling from 475. 
Also an embrittled sample may be toughened 
by reheating above 500° [These circum 
stances may recall the “temper brittleness” of 
low chromium and chromium-nickel steels. 

It appears that at least 20° chromium is 
needed in the iron-chromium alloy for this 
phenomenon to occur. This corresponds to 
the limit where the second major increase in 
corrosion occurs. However, this does not seem 
to be valid reason for the assumption of a 
“super-structure” of iron-chromium to explain 
the brittleness. It is doubtful if carbon is an 
essential factor, for “carbon-free” alloys made 
from electrolytic metal show 475 brittleness, 
as do others containing 24 to 35°. Cr and car- 
bon as low as 0.006%. The only non-susceptible 
piece of such metal Dr. Becket and his associ- 
ates in Carbide and Carbon Research Labora- 
tories found was some strip, vacuum annealed, 

In concluding, the lecturer called attention 
to the action of nitrogen in high chromium-iron 
allovs, remarking that it is more powerful than 
carbon in promoting and stabilizing austenite. 
Like other “stranger” elements in small per- 
centages, nitrogen accelerates the formation of 


sigma phase in susceptible alloys. 
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While Some of the Views in This Assemblage Are Out of Scale, it Will Indicate the Range of Shape, 
Size and Complexity of Pieces Now Cast in Heat Resisting Alloy. Courtesy General Alloys Co 
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tie PRACTICES UN GAS CARBURIZING AND HEAT 

treatment in controlled atmospheres are 
causing some trouble with the muffles, resistors, 
thermocouples and other parts made of heat 
resisting allovs. While this is in most instances 
confined to gas carburizing furnaces with hori- 
zontal muffles, and at the charging end where 
temperature differentials are greatest, exposure 
to hot reducing and carburizing gases should 
really be expected to cause some trouble with 
alloys intended primarily to resist hot oxidizing 
conditions. The penetration of reducing and 
carburizing gases through the oxidized coating 
that is the real protective skin seems to be the 
cause, for instance, of the rapid deterioration of 
thermocouple wires, even when enclosed in 
protection tubes. This is such a quick action 
that substantial variation from correct indica- 
tions has been noted in a single day's operation 
in a gas carburizer. 

Users of important quantities of nickel- 
chromium alloys for heat resistance, in a discus- 
sion conference recently held by the Cleveland 
‘hapter @ and led by Harrison I. Dixon, did 

it seem to be much concerned over the endur- 
nee of present-day alloys to ordinary furnace 
itmospheres (hot flue gases from fuel com- 
vustion) or in service as carburizing boxes. 
‘here are plenty of the latter, ten vears old and 


thy s¢ p r r 
r ys their detriment! 
é pt Sive + I 
+} est rye + resis} 
still going strong. A notable improvement in 


serviceability in more severe conditions, esti 
mated as at least 50% by one user who dis- 
claimed being an enthusiast, has been achieved 
in the last two or three vears by closer attention 
in the foundry to raw materials and analysis. 
melting and deoxidation practice, pouring tem 
peratures, molding methods, sand control and 
\-ray inspection. 

In certain classes of work notably the 
tvpe of rotating retort where through-put is 
steady and thermal conditions are uniform 
the allov wears thin rather than fails by crack- 
ing or localized disintegration. A minimum of 
7900 hr. service would confidently be expected 
in such cases. It is then doubtless better to pay 
more money for higher nickel-chromium alloys 
than to replace less expensive materials more 
frequently, even though the service require 
ments may be described as mild rather than 
severe. Furthermore, in other instances of much 
more severe service, as when empty boxes are 
quickly cooled in air, trays or fixtures are 
quenched, or where a batch type muffle at say 
1500 to 1700) F. has half a ton of cold steel 
placed on its floor, nothing but allovs of the 
high nickel tvpe will stand up for any reason 
able length of time. 


However. where uncertainties and variables 
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in furnace operations are such as to prevent any 
accurate estimate of the life of cast alloy, it was 
the concensus of users that the less expensive 
types would be cheaper in the long run, or at 
least until operating conditions are under con- 
trol. Depending on individual circumstances, 
compositions like 385-15 Ni-Cr, 25-18 Ni-Cr, or 
25-12 Cr-Ni are then indicated. This statement, 
of course, is made without prejudice to the last- 
mentioned types, which have earned a reputa- 
tion for reliability in applications such as 
conveyor parts and corrosion resisting castings. 
Likewise, a lot could have been said by pro- 
ducers of castings about the so-called human 
element, still a big factor in the use and abuse 
of heat resisting castings, and the reluctance of 
many customers to change details of their proc- 
esses so as to give the alloys a better chance to 
withstand the hot corrosive surroundings. 
Finally, as one foundryman put it, the alloy 
business has been acquiring experience for more 
than 20 years, and while there are still some 
unknowns in the older usages and more in the 
new ones, the maker of castings can nearly 
always give worth-while advice as to the life 
expectancy of a given alloy in a given design 
and use. One failure of a low-priced alloy that 
could have been prevented by a_ high-priced 
alloy costs more than the anticipated saving. 


Classification of Common Heat Resistant Alloys 


Atmospheres of the non-oxidizing type, 


especially at hardening temperatures, causy 
many unexpected difficulties. If the tendene 
is at all carburizing and most of these are ry 
definitely on the carburizing side to avoid sof; 
skin on the work 
and containers will gradually pick up carbon 
This has two bad effects on perfectly sound 
metal — first, the natural loss in toughness of 4 
higher and higher carbon alloy and second, thy 


the surface lavers of retorts 


solid solution crystals are changed analysis 
due to the abstraction of carbide-forming ele 
ments therefrom. The primary carbides may 
also change in form and constitution with an 
increase in volume, leading to internal checks 
One user went so far as to say he had predicted 
trouble from the mechanical action of soot 
deposited in crevices or discontinuities such as 
“wash” or mold marks. At any rate, surfacs 
irregularities such as the print of a grain of 
sand from the mold will pack hard with soot o1 
amorphous carbon. 

Deterioration is in most instances, however, 
located at spots such as changes in section wher 
stress concentrations will exist or where casting 
defects would be suspected. This emphasizes 
the necessity of careful design and excellent 
foundry practice. Although there may be no 
indication of internal cavities or sponginess, th 


Dixo 
| Inade Designation of Alloy Casting Industry 80-20 
No.| Manufacturer Marna “Allov 
| | C-20 | CN-30 | NC-4 | NC-2 | NC-I “4 
4 4 4 
T 
115 | American Manganese Stee/Co.| Amsco F-5 | F-10 | F-§ 
| The Calonizing Co | Calite 5-28 | B-2 A n | = 
8&0 Chicago Stee/ Foundry Cc | Pyrastee |Specia ‘2000 20 - 
240 | Driver-Harris Co. = Cimet | Chromax chrome - Nichrome } 
| he Durea/oy Co. | Lure/oy 4" 
£60 | Electro Alloys Co. | 7hermalloy D | E 8 72 | A | 80 
268 | The Fahra oy Co. Fahralloy | F-/0 F-5B | F-5 | 
285 | Genera/ Alloys Co | Q-Alloy CN/-H | 8 
305 | Hoskins Mf Co. Arome | 502 8 | A 
365 | Michiana Produc ts Co. | 55 1/00 | Zorite | Fire Armor 8 fire Armor | 
570 | Michigan Stee/ Casting Co. Misco | | Misco Meta/| HN-2 HN-/ 
| Nationa/ Alloy Stee CO. NA | 19 j 65-A | 65 
400 | Ohio Stee/ Foundry Co | Fahrite N-P2 | NSF N-5 N-6 
445 | Standard Alloy Co 6 J = 
4 
be, refers Type Composition Cr £8 % Cr 50% Ni 65% N/ SO% 
to Index of Alloys iin 12% NI IS% Cr 12% Cr 18 % Cr 18 %Cr 
& ke OF 
STA NLES 4 Fann ter 
STEELS Microstructure : Ferrite | Austenite \Austenite | Austenite | Austenite |Austenite 
Y 
| Corrosion Heat ‘ 
| hemical Industry, Rabble Arm: Resistant Resistant ores tad 
Common | erA /ubes, Foxes , L030. oa/f aNd 
SOS yaniae Pots, Trays, Baskets, Fleme 
Valves, Fittings, Cement Mill, Paper Refinery, Furnace Castings, Hearth lates, Rolls, 
Stoker Parts, Carrier Blades, Tubes, Dampers, Pots Retorts Rails, Enamel ng Buckets 
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‘ructure may be a trifle “loose”; at any rate, tension -- a peculiar service he believed entirely 
ses seem to be generated in or penetrate to bevond the capacity of a casting. Some users 
hese portions and build up carbon or corrosion were satisfied with carburizing boxes welded up 
| leposits, thus producing pressures that actually from relatively thin plate. The combination of 
Jake the surface off at spots or cause the metal heavy (cast) bottoms and thin (cast or sheet) 
» swell in something like a tumor growth. side walls is often advantageous for boxes which 
j The action mavy really be the reverse of frost must be handled while hot. Since so many 4 
: ind ice: Carbon collects in a tiny cavity when welded boxes have given excellent service, this rs 
| the metal is hot and in the expanded condition, in itself is evidence that welded joints should “4 ee 
i ind this carbon is hard and unyielding when the not be arbitrarily condemned. The intricacy of . “s 
metal contracts. Result a progressive crack. the present-day trays and size of the retorts ordi- a ie 
rhis has occurred in bright annealing furnaces narily prevents the use of forged units, and rer w..' 
where the atmosphere was deliberately kept as welded assemblies of plates would have the pti f 
far on the decarburizing side of equilibrium as objections of welds in castings — namely, the fe 
possible without actually becoming oxidizing. difliculty of getting a homogeneous joint, physi- | bs Sa J 
More than one commentator at the meeting cally and chemically, one that does not induce | ee 
testified that, in his experi- toe 
ence. ground or machined 
Typical Properties of Cast Alloys 
surfaces were especially vul- HI. Dixon 
nerable when the cut got C-20 CN-30 NCO-2 
bn lo th mgs Elastic limit (psiJat room.temp. | 40,000 | 45,000 | 45,000 | 47,000 Ps 
skin (although this was con- Ultimate strength (psi.) 
. er t room temp. 55,000 65,700 65,000 60,000 
sted by at /600F. 19,00 8,000 16.400 | 21,000 
Resistance to oxidizing gases, Elongation in 2in.| ‘% } 
‘ing ¢ ction of a protec- at room temp. 0 | 00 5.0 2. 
being a fur | at | | 2¢ | 20 5 
tive oxide laver, should be Machining Speed [ft fmin.). | 
erbide tools 60 40 50 60 4 
st yroken ace 2 
best it the unl rok n urface High speed stee/ 24 10 
of the original casting. Any Brine/! hardness 190 180 190 
place where the oxide is Weight (1b./cu.in.) | 027 0.28 0.29 0.30 ~ 
Specific gravi | 26 0 
scraped worn away peri- gravity 9 
Specific heat at /cal/g/C/) 0./4§ 0./4 0.1 35 0.1/2 
odically, as at a guide, is Therma/ conductivity at 6006 
0.034 
especially vulnerable. fem./sec.] 0. .04 0.03 
(% of Q20%C stee/)| 75 40 35 33 
All united condemn- Average coefficient of linear ex- eet. 
ing major repairs by welding, pansion/ S Range. ‘20°to 800. | 0.000012 | 0.000016 | 0.000017 | 0.0000/6 le 
and in expressing a desire to Suggested at 1200 °F. 4,700 5.000 2,000 4,400 
limit the number of welded design /400 °F. 2,200 2,400 3,300 2,/00 
/600F. 900 /, 000 / 500 800 
joints in large muffles too big strength 
large muffles too big 9 18 00°F. 00 300 550 200 
lo cast in one piece. Found- 2000 F. 10, 125 200 100 
; rymen present came to the 
defense of welds, insisting 


that joints in new castings, properly made with dangerous heat stresses in the base metal 


any of the modern processes (atomic hydrogen, nearby, and one that successfully repels the 


ire or oxy-acetylene), will stand up under ordi- deposition of carbon. 
tary conditions met in heat treating furnaces 
and ceramic kilns, one citing muffles 20 to 30 ft. 
long, assembled by welding, that are still in 
lirst-class condition after 15,000 hr. of service. 
‘hey were willing to admit that atmosphere had 
much to do with this 


While the cast structure appears to be defi- 


nitely superior to rolled metal in creep strength, 


failures from pure stress come not from creep 


but from fatigue — that is, repeated overstrain 


induced by localized temperature changes. 


oxidizing gases are However, the present problem is largely one of 


inocuous, but reducing gases are very likely to deterioration starting at minor surface discon- 


iuse trouble. 


tinuities and interior porosities, and the alloys 


Whether wrought materials would be better in wrought condition should theoretically be 


‘an castings of similar analysis in these serv- sounder and therefore more stable, but there 


es Was questioned. One cited a hanger which 


id to be quenched while under considerable 


was no actual experience cited to bear this out; 
likely it would rest on the comparative excel- 
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lence of foundry practice versus steel mill and 
welding practice. One user stated that hearth 
rollers, centrifugally cast, had been three times 
as durable as similar castings from sand molds 
when installed in furnaces in his plant, even 
when the sand-cast rollers had been machined 
and proven free from observable surface 
defects, and believed that the spinning process 
was such as to localize impurities on the inside 
of the wall, where they were of least moment. 

One point emphasized in the comparison of 
wrought products to cast was that the former 
are made with lighter wall sections. If it is 
granted that the rolled sheet exposed to car- 
bonaceous atmospheres will be carburized at the 
same rate as the same alloy casting, the thinner 
wall will be carburized to the very center in a 
time when the thicker cast box wall retains a 
venerous core, unaffected and still tough. Life 
and cost comparisons should therefore be made 
on parts of equal thickness, except, of course, 
where the advantages of rapid heat transmission 
through thin walls and smaller mass of packing 
compound more than pay for the shorter life of 
thinner sheet alloy. 

While one opinion held that the correct 
solution of the controlled atmosphere problem 


| 


would require the discovery of entirely ey 


alloys resistant to hydrogenation and carburiza. 


tion, the foundrymen present cited th, 
undoubted improvement in life of currently pro 
duced castings to indicate that eventual success 
would be achieved with alloys of the present 
conventional types, based on nickel, chromium 
and iron, and with such additions as melyhde 
num, aluminum and titanium to improve hig! 
temperature strength and refine the grain. Any 
new alloy must fill three fundamental requisites 
(a) Castability; (b) resistance to atmospheres 
without change either in the casting or the 
atmosphere by catalytic reaction; (c) adequate 
strength at working temperatures, retained fo: 
long periods of time. The Alloy Casting Indus 
try is now financing a comprehensive investiga 
tion at Battelle Memorial Institute of the 
properties of standard compositions and a 
research into the improvement of existing alloys 
May we not also look for an improvement 
in the atmospheres? If soot is a determining 
cause of mechanical failure, a non-sooting gas 
would be a distinct step forward. Likewise ci: 
culation may have something to do with it 
atmospheres which are relatively stagnant 


appear to be the more destructive. 


| 
| 


| 


In Heat Treatment Plants Such as This, Life of Alloy Parts Is a 
Matter of Great Concern. Courtesy Timken Roller Bearing Co. 
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Physical Constants of Purest Zine 


Unit Cell Dimensions [Angstrom Units) 


Compiled by Research Division, New Jersey Zinc Co.) 


r at is that reported for 
composition of latter is infrequently given Purity _ Spectroscopic 99. 99+% 
Jempersture. 25. 
Con tan is Affec ted 3 2.6597 2.686001 0.0002 
° Cc 493792t0.0005 
by Orrentation 1.856! 1.8563 
Coefficient of Expansion Therma/ Conouctivity 
Reference Reference : 7 
State: Single Polycrystalline Casting State. Single Crysta 
Purity: Spectroscopic |kah/lbaum's Best) 99.995 % Purity 99.995 % 
Direction: 44°%to Principal Axis | 0°to Principal Axis — 
Temp. \Calfsec/om/C. 
Oto 50°C. 4.00x10-5 | (b} 5.46xI0-5 
0 to /00 4.04 5.70 20 to /00 -200°C | 0.36 
0 to 150 4.23 5.74 20t0 150 3.96 150 | 0.34 
0 to 200 4.40 5.80 20t0200 3.97 -/00 0.55 
0 t0 250 4.55 5.8 / 20t0 250 3.97 -50 | 0.52 
0 to 300 4.60 5.73 0 | 0.30 
+50 | 0 
{a} Contains 0.014 V% Pb, 0.012% Ca | 0.28 
[b) Reference 9 gives 5.74 at 18°C., and 1.26 for perpendicular direction | 


Magnetic and Electrica/ Properties 


Magnetic Resistivi Ternp. Coefficient 
esistivity [ohms/cu.cm. P. 
Susceptibility of Resistivity 
Reference: 10 /} 12 4 
Swaged Poly- Single Wire, Swaged 
State: Single Crysta/ Single Crystal crystalline Wire Crysta/ anak 
Purity: Chemica/ Spectroscopic Spectroscopic Spectroscopic 
to Hexagonal Axis to Hexagona/ Axis Principal Axis 
Jemp. — 20%. 20°C. -/70 to 25C. Oto 100%. 
Constant |-1.90x10-7| 5.8Fx1/0°6| 5.916x10-¢ 4.058x1I0-5 4.19x /0-3 
(average) 
Thermal Electro- Constants Not Known to Be 


motive Force 
(Zn-Pt Thermocouple) 


Affected Ly Orientation 


Reference: 4 Density, Melting and Boiling Points 
Stete : Drawn Wire| Specific Heat 
urity: Spectroscopic Density Refer 
Reference : 6 State Purity | Temp. \ ence 
Temp. Millivolts Purity: 99.948% + —_—+ 
Density : | 
0°C. 0.000 Temp. | Cast 99.993% | 25°.| 2131 | F 
50 0.55! Rolled 99.993% | 25 2.142 | 2 
/00 0.758 100°%| 0.0946 Swaged wire | Spectroscopic) 25 | 4 
50 1.276 200 | 0.096! Mo/ten 99.94% |419.4 | 6.92 | 2 
200 1.894 3500 0.098/ 
250 2.610 400 | 0./002 | | 
3.4/7 500 Point Spectroscopic 4/9.45 | | 2 
550 4.3510 600 | 0./473 
400 5.290 700 0./444 Boiling Point | 
415 5.604 800 | 0./423 at 760mm. pressure |905%C#2| — | / 


!. OG. Maier,Zinc Smelt ing From a Chemical and Thermo- 

dynamic Viewpoint, Bureau o* Mines Bull. No. 24,1930. eft erences 
The New Jersey Zinc Co., Research Division . 
John 2 Freeman,Jr., red Sillers,Jr.,& Paul F Brandt,Pure Zinc at 
vormaland Elevated Temp., Bur. Standards, Sci. Paper No. 22,1926. 


4. Zinc and Its Alloys, Bur.Standards Circ.No. 395,193! 


Roeser Wense/, Methods of Testin 


Thermocouples and 


10 


Thermocouple Materials, Bur. Standards J Research p. 
. eaburo Umino, On the Latent Heat of Fusion of Several Metals 


and Their Specific Heats at High Temperatures, Science Re- 


ports , Tohoku Imp. Univ., 1926, v.15, p.59?. 


CC. Bidwel/ & Lewis, Thermal Conductivity of Lead and 


vingle and Polycrystal Zinc, Physical Review, 1929,“ 53, p.249. 


5b, Bi Je,Cd,Zn and Sn, Proc. Am. Acad. Arts Si 


y 


Sica/ Review, 1/931, + 


Ph 


J8,p.820 
2. A.G. Hoyem,Some Flectrica/ Properties of Spectroscopically Pure 


7, a , 
Sta/s, Phy S/Ca/ Review 38, 


YSICS ,/932,% 


&. J 8.Austin, Vacuum Apparatus for Measuring Therma 
Expansion at Elevated Temp. With Measurements on 
Pt, Au,Mg and « 

9. RW Bridgman, Certain Physical Properties of Single Crystals of W 

ve 


las 60,2 


9. 


£.2. Jette @ Frank Foote, Precision Determination of Lattice 
Constants, /. Chem. Physics, /935,v.3, p.605 


J.C. McLennan, & Elizabeth Cohen, The Magnetic Susces 

bility of Single Crystals of Zn and Ca, Proc. Roy. Soc.,/928, + pg 
E.PT Tyndall @ A.G.Hoyem, Resistivity of Single Crystals of 2: 
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... proves the ECONOMY of the 
NICKEL ALLOY STEELS 


Multiply the life of a tool and you subtract 
from the ultimate cost. And a case where 
tool life was increased 15 times by the 
simple expedient of Nickel alloy steel in 
one large industrial plant is indeed a case 
in point. The chisel driven cold through 


this loaf-like block of mild steel is simply a dramatic demonstration 
of its capabilities, but the part of the story that is most interesting 
to the treasury’s watchdog is the fact that it showed a service life 
1400% greater than the plain carbon steel type formerly used. The 
increased strength, toughness, wear-resistance, and shock-resistance 
obtained with the Nickel alloy steels quickly compensate for the 
slightly higher initial cost. 


for this purpose, having 


all of the requisite properties for 
long service life against breakage. Composition is known as 
“Super-Alloy™ and contains from 1 to 115° Nickel, a faet 
that explains its unusual endurance. Demonstration of its 
superiority was recently made when a harrow dise plow came 
to this manufacturer's attention with 15 of its 16 dises broken. 
Analysis brought to light that the 1 survivor was made of 
“Super-Allov”’, the composition containing Nickel. 


Plow dises of the type pictured 
here take a terrific beating from 
shocks and abrasion. A prominent 
manufacturer, Ingersoll Steel and 
Dise Division of Borg-Warner 
Corp., recently developed a steel 


- 


Dead weight is a wastrel. It squan- 
ders power in many an applica- 
tion, subjects machinery to w- 
necessary stress, wear and fatigu 
But Piaggio & Co. of Genoa, Italy, 


solved the problem of useless weight in the same way that 
scores of railroads are now doing. They used stainless steel for 
these aerial railway cars destined for use in the Italian Alp- 
Fabricated under license of the Edward G. Budd Manufac- 
turing Co. of Philadelphia, these cars when completed 
weighed 56% less than the type formerly used. The composi 
tion employed was the popular “18-8” chromium- Nickel stee! 
which possesses an unusually high strength-weight ratio. 


We invite consultation on the use of the Nickel alloy steels in your equipment, 


ALLOY STEELS 


THE INTERNATIONAL NICKEL COMPANY, INC., NEW YORK, N. Y. 


Vetal Progress; Page 2B? 


i 
| 
4 
former weight 
Weg, 
7 44 Tt E 
= al ~ | 
4 
16-/5= 
.~ 
— 
| 
¥ 


3 
‘ 

5 
‘ 


from Abroad 


Improvement of 


Arc-Furnace Roofs 


Turin, Irany 
To the Editor of Mevar Procress: 


Much attention has been given by European 
steel works during the past ten vears to the 
problem of improving the physical and chem- 
ical properties of refractories used for roofs of 
electric furnaces. The great increase of the 
percentage of electric steel to the total steel 
output, and the still more rapid increase of the 
percentage of special and alloy” steels, have 
viven a great impulse to researches in this field 
of high grade refractories. 

Silica brick ts by far the most generally 
used refractory material, but the present severe 
requirements —— from the thermal, physical and 
chemical points of view of the new processes 
for manufacturing high quality special steels 
are continually increasing the troubles con- 
nected with furnace roofs. 

For the time being, all the European efforts 
to find a better substitute for this particular 
application have unfortunately given very few 
salistactory results. Furthermore, the real prac- 
tical value of the improvements which may 
have been effected can hardly be appraised on 
cccount of the very different conditions under 
which the individual tests have been made. 

A first cause of uncertainty when trying to 
ompare the technical and economic results 

ined with new materials lies in the fact 

| it is very difficult to fix the real normal 
duty of the present standard material, namely 

a brick, which should form the basis for 

ery practical comparison, In fact, if we take 
uly the data concerning the number of heats 


tainable with a roof of silica brick for electric 


Varch, 1938: 


furnaces of a given design and a given size, we 
find both from technical papers and from 
information collected = directly in different 


works figures varving within astonishingly 
wide limits. Though this uncertainty is 


explained by the great variety of working con- 
ditions, still the fact remains that such data can 
hardly be taken as a basis for establishing 
reliable comparisons. 

An example of this situation can be found 
by comparing the data contained in three very 
interesting papers on this subject published 
Stahl und Eisen (A930, p. 800; 1932, p. 897; and 
1936, p. 1000) and especially in the discussion 
following the last paper. While it is stated that 
the roof of a 10-ton are furnace, made with tar 
and rammed burned dolomite, could stand 
between 10 and 15 heats, many French and 
Italian furnaces of the same size could be 
quoted, making 30 to 10 heats under roofs of the 
same material, An explanation of these large 
differences can only be found the completely 
different working conditions. 

Similar remarks can be made about the 
results obtained with chromite bricks. In some 
instances quoted in the above papers the results 
have been completely unsatisfactory. Neverthe- 
less, chromite’ roofs are used with excellent 
results, both technical and from a cost stand- 
point, by various European works, where the 
only objection lies in the fact that small quan- 
tities of chromium are absorbed by the liquid 
steel bath. 

The great importance of the problem of 
improving the quality of refractory materials 
for roofs of electric furnaces cannot be over- 
estimated. On the other hand, even a superficial 
study of the published experimental results and 
comparison of such results with many well- 
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known facts of experience are suflicient to show 
that the trials made under the conditions so far 
adopted) (namely, experimental conditions 
inadequately defined, and not corresponding 
to actual industrial practice) cannot lead to 


results of any practical value. 


To attain useful results it seems that a 
more complete and regular cooperation would 
be necessary between the leading manufac- 


turers of refractories and the steel works. 
Fepertco 


Consulting Metallurgical Engineer 


Status of Welding in Europe 


East Pa. 
To the Editor of Process: 

Observations made during six-months 
stay in Europe (principally in England) indi- 
cate that welding has grown over there to be as 
important a tool in engineering as it has in the 
United States. To draw definite conclusions as 
to the state of advancement of the welding art 
in different countries is difficult. Certain indus- 
tries are somewhat backward, but the same 
could be said of our own country. Other indus- 
tries can match their work and welding proc- 
esses with the best in the United States. The 
production of resistance welded tubing in 
England at the rate of 65 ft. per min. and the 
use of welding manipulators in Holland to 
rotate a complete rail coach to facilitate all 
down-hand welding are examples of develop- 
ments that will match the best we can show. 

Welding machines in Europe are of high 
quality. In most countries the use of alternat- 
ing-current equipment far surpasses the use of 
direct-current welding generators. Special 
attention has been directed to low rating 
machines for thin gage welding, with the conse- 
quence that very excellent sets using rectifiers 
have been developed. 

Welding electrodes in Europe are primarily 
of the shielded-are type although considerable 
bare and light-dipped electrodes are still in use 
in Germany and France. There are many more 
makes of electrodes in Europe than there are in 
America, but even the best do not seem to com- 
pare in quality or performance to those manu- 
factured in the United States. 

Spot welding and other types of resistance 
welding are not in common use as they are in 
America. There is a great interest in such 
methods of welding, however, particularly for 
automobile, aircraft and railway construction. 


One automobile manufacturer is at the presey) 
time considering the installation of equipinen; 


of special types for the production of duralum), 
bodies. 

Gas welding, cutting and brazing are in us, 
and very good results are being obtained oy | 


types of metals. Fabricated parts made fron 
aluminum 1 in. thick have been welded wit} 
oxy-acetylene flame. 

The industries in which welding is being 
used are about the same as in the United States 
Ships, buildings, bridges, railway coaches, auto 
mobiles, busses, elevators, pressure vessels and 
all engineering equipment are now being fal 
ricated by welding. 

H. JENNINGS 
Research Department 
Westinghouse Electric & Mfg. ( 


Austenitic Cr-Mn Sieels 
Are Unusually Creep Resistant 


JUDENBURG, AUSTRIA 
To the Editor of Mera. Progress: 

As has been pointed out by Dr. Maurer i 
letters to Merat ProGress (May 1937, for 
instance), European development of the hig! 
chromium-manganese steels started soon afte 
the invention of the non-corroding 18-8 chiro 
mium-nickel steels and was based on the idea 
of replacing nickel by its equivalent manganese 
Such 18-9 chromium-manganese steels show a 
heterogeneous microstructure of alpha and 
gamma crystals. {|Note Dr. Becket’s remarks on 
this matter, p. 274.—Eprror| 

From the standpoint of commercial appli 
cations it was found that they are markedly less 
resistant than 18-8 chromium-nickel steels to 
many acids and salt solutions. Furthermore, 
intercrystalline corrosion has been found, even 
when carbon was very low or was bound b) 
additional carbide-forming elements such as 
titanium, niobium or tantalum. There mus! 
consequently be a second factor involved, which 
promotes the formation of a presumably man- 
ganese-rich intergranular substance, more solu- 
ble in strong corrodants than the alpha o! 
gamma solid solutions. It also seems that this 
intergranular corrosion must be held respons! 
ble for the wide difference in behavior, unce! 
the same corrosion conditions, of various cliro- 
mium-manganese steels having practically 
same composition. 

Despite these drawbacks this group 0! 


steels has been greatly improved by add ng 


Metal Progress; Page 284 


Wid 
é 
— 
i 
i 
4 
i 
Th 
HEE 
q 
i 
| 
‘ 
| 
é 
=, 4 
q 2 
. 


ividenum, nickel and copper, so that they 
now able to compete with 18-8 chromium- 


kel in an extended range of applications. 
Chromium-manganese steels of simple aus- 


itie structure have been developed at a much 
er date. Their chromium content cannot 
eed 
vely brittle compound 
‘ich some chromium is replaced by manga- 


without the formation of an exces- 
(probably FeCr in 


ese). Their heat resistance is not very good at 
emperatures over 890° CC. They also can with- 
ind only the rather weak acids and salts. 

industrial application, however, is 
issured by their high resistance against sul- 
phurous gases, and especially by a surprising 
reep resistance, which in the range between 
and 700° C, 
chromium-nickel steels alloved with molybde- 


surpasses that of even the 18-8 


um. It has been stated that) molybdenum, 
copper and tantalum-niobium will further 
increase the creep resistance of these austenitic 
chromium-manganese steels, but the sharply 
decreased toughness and the inclination to 
nterervstalline rupture in temperature ranges 
over 700° C. militates against the use of such 
further alloys. A better substitute is nitrogen 
(from 0.10 to 0.30°7); such steels show the high- 
est values of creep resistance known to the 
writer. With the partial substitution of silicon 
for some of the chromium, a new alloy was 
(2200 


ly). Its use may be somewhat restricted by an 


found to be heat resistant up to 1200° C, 


impaired resistance to impact after annealing 
between 600 and 850° C. (1100 to 1550° F.). 
Another austenitic steel with equal chro- 
mium and manganese content is used in Austria 
in the form of deep drawing sheet for food 
handling equipment. Corrosion resistance is 
secured by additions of nickel, molybdenum or 
by copper. Their silver-like luster is very agree- 
able when used for knives, forks, platters, 
chafing dishes and the like. 
The latest alloys developed on the Cr-Mn 
base are useful for non-magnetic parts. Their 
carbon content is very low to impart good 
machinability. Their high manganese content, 
2) to 40%, in combination with about 7°% of 
iromium, gives a very high elastic ratio after 
' simple forging operation, with or without a 
slight anneal. The ratio of the 0.2% elastic 
iit to the ultimate strength is as high as 96%. 

Similar results are had by substituting from 
0 to 0.30% of nitrogen for several per cent of 
inganese. 


lhe development of steels based on the 


chromium-manganese system has therefore 
advanced at a very good rate in Europe, and 
has already brought out not only some very 
interesting special steels, but also means of 
improving welding practice in special jobs. 
Hans K. Lecat, Dr-ing 
Steiermark Steelworks 


A Formula for Creep Curves 


Pants, Frances 
To the Editor of Mera. Progress 


Recent years have been marked by an 
abundance of research work, carried on in 
every country, on the mechanical properties of 
metals at high temperature. Most of these stud- 
ies have centered on the elongation or growth 
under load at constant temperature — a method 
variously designed as viscosity tests, creep tests, 
flow tests, and so on. In spite of a general uni- 
formity of the testing method, it is not easy to 
compare results and come to any conclusion in 
regard to the factors influencing hot deforma- 
tion, or to the practical applications of the data. 

This may be attributed to two circum- 
stances: (1) The form of the time-elongation 
curve has not vet been defined, and (2) differ- 
ent arbitrary parameters have been used to 
define the time-elongation curve by different 
investigators and in different countries, The 
rectilinear form obtained by plotting test data 
on logarithmic coordinates allowing its entire 
definition by an equation with two coefficients 
has been criticized by various authors, so that 
mean values have been adopted to define elon- 
gation rates either corresponding to the quasi- 
rectilinear part of the curve, taken between the 
2th and 35th hr., between the 24th and 72nd 
hr., or between the 35th and 45th day. Using 
these intervals, the limiting stress has been 
defined as the limit for which the rate, in these 
different intervals, is less than various assumed 
values — that is, per hr.: 10° (Hatfield), 5.10°° 
(Mailander and Centre d'Etudes du Bureau 
Veritas), 10.10° (Verein deutscher Eisenhit- 
tenleute), 15.10 ° (Pomp), or even 10° per day 
(Tapsell). 
terms “limiting creep stress,” 
“Dauerstandfestigkeil,” “limite de viscosité,” 
and “limites des écoulements limités.” 

On the other hand, investigators have 
recognized that even when the usual character- 


This has given rise to the various 
“time yield,” 


istics defining a metal are nearly identical 
(chemical composition, heat treatment, mechan- 
ical properties at ordinary temperatures, and so 
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on), its behavior at high temperature may still 
be different. They are therefore tending toward 
longer and longer tests, progressing from 21 to 
72, then to 1200 hr. and even far more, on the 
assumption that the phenomena may never be 
completely determined. 

Thus, we find ourselves in an inextricable 
situation between two extremes: (1) Either 
adopt long-time tests which must naturally be 
very limited in number and therefore cannot 
exercise complete control nor give complete 
guarantee as long as the ordinary short-time 
properties mentioned above are not competent 
for acceptance or (2) multiply direct control by 
means of short-time tests, which are not con- 
sidered suflicient to forecast the complete and 
eventual behavior at high temperature. In any 
event, no security is offered, according to cur- 
rent opinion, regarding the behavior of metal 
working at high temperature. 

Under these conditions, the proper repre- 
sentation of the time-elongation curves, even if 
empirical, by means of a formula containing 
only a few parameters, would present immense 
advantages. In the first place, these parameters 
would furnish numerical means for comparing 
tests and operators, and also for evaluating the 
factors influencing strength at high tempera- 
ture. In the second place, short-time tests could 
be made in the interval required for the correct 
determination of parameters which could be 
extrapolated to longer duration without actu- 
ally carrying out the tests. Finally, secondary 
factors could be segregated from the principal 
phenomena. 

Lacking complete knowledge of the mech- 
anism of hot deformation and thus being unable 
to furnish a complete analytical expression 
therefor, M. de Lacombe tried various empirical 
formulas and has attained some very good 


results by using the following representation: 
yy, +ale + bt» 


in which y is the recorded elongation, ¢ the time, 
a, n are coeflicients among which m 
is less than 1 (usually in the neighborhood of 
0.3 to 0.9) and nis more than (usually between 
1.8 and 2.2). 

The first two terms y,+al™ represent 
curves having only one part concave to the time 
axis. Cold drawing (spontaneous hardening) 
has a retarding effect on creep and the coeffi- 
cient m <1 characterizes this cold drawing. The 
term bf" occurs only when the time-elongation 
curve turns upward at extended time, with a 


linear portion or even a concave hook turne 


toward the y or elongation axis; it may be sag 
that the coeflicient n>1 indicates a “nevatiy, 
cold drawing” or acceleration of the interns 
mobility by deformation. When m1, {hy 
deformation is purely viscous, according 
Maxwell, and the curve is a straight line; in this 
case the coeflicient a is the deformation rate | 
an ideally viscous body. 

The nearly rectilinear region of the exper 
mental curves would thus appear to be tly 
result of a pseudo-compensation between || 
two terms containing ¢. 

This formula has been applied, with 
accuracy equal to the ability to read the dia 
grams, to certain results published by Cross and 
Dahle, Chevenard, Pomp and Lange, as well as 
to those obtained at the laboratories of th 
Acicries d'Ugine used in the development of th 
formula. It therefore is competent to represen! 
results of a large number of tests varving 
duration from 3 to 5000 hr. 

It remains to be seen whether this formuls 
is of general applicability. It would then pe 
mit numerical comparisons to be made of th: 
results obtained in different laboratories. 

Furthermore, by this formula may be calcu 
lated the instantaneous initial elongation, y 
which is, in fact, always lower than the valu 
assigned to it by extrapolation of the curv 
toward the origin (especially when m has a low 
value). 

By taking the first differential of y in regard 
to ¢, the rate of extension as a function of time 
may be determined. 

ALBERT Porrevin 


Consulting Engines 


Modern Malleable Practice 


Harvey, ILLinots 
To the Editor of Mevau Progress: 

The article “Faster Annealing of Malleab! 
Cast Iron” which appeared in your January 
1938 issue prompts a few comments on bell! 
of those who are responsible for achievements 
in the art or technique of malleable casting 
which are second to none during the pas! 3 
vears. Those who know what has been accom 
plished since 1908 will bear me out in [li 
statement that as much has been done 1! 
improvement of product and process as in '! 
steel or gray iron industries. 

My close contact with malleable since |"! 
continuously to this date, prompts the staten 
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annealing time under 96 hr. is not of pri- 
ry commercial importance, and is worth 
ving for only if it can be attained without 

ease in cost of product. 

Reference by the authors to the duplexing 
cess in melting warrants quotation from an 
ticle by the writer which appeared in The 
» Age, issue of September 8, 1932, under the 
le “The Malleable Industry Since 1900": 


“Duplexing provides continuous metal 
ind this in turn makes possible continuous 
nolding and pouring. The cupola is the low- 
st cost melting unit we have and, for tapping 
1 low carbon metal, the cost of charge is 
much lower than that for the air furnace in 
direct melting by that method. 

“Combining the reduced cost of melting 
and of cupola charge with the savings in 
molding and pouring costs with continuous 
production, we have the potentialities for 
very low malleable casting costs if, as, and 
when there is steady business sufficient 
volume to provide operation of such plants 
on a normal schedule. 

“Assuming a normal annual demand for 
tons of castings average for the 
past nine vears: 784,555 tons-— there is one 
duplexing foundry in Michigan which = is 
capable of producing approximately 10° of 
the entire requirement and one in Ohio with 
capacity for approximately 6°. These two, 

producing one-sixth of the tonnage.” 

Statistics on melting methods of the mallea- 
ble industry, revised as of January 25, 1938, are 


viven below: 


ANNUAI Pen Cent 
TONNAGI ol 
MELTING Meruop CAPACITY CAPACITY 
Vulverized coal fired air furnace 
Direct ... 728,850 61.5 
Duplexing 144,900 12.2 
d-fired air furnace 56.800 1.8 
Cupola 97,200 8.2 
Cupola and electric furnace 
Duplexing 100,000 8.5 
air furnace 
Direct . 24.000 
Duplexing 14.200 1.2 
enhearth furnace 18,000 
Potal 1,184,550 100.0 


lotaling the three items of duplexing we 


d that 22.97, or nearly one-fourth of existin 
pacity is now duplexed, this representing 12 
indries so equipped for all or a major part 
their capacity. 
\Ithough a strong advocate of this method 
melting, | cannot subscribe to the statement 


duplexing “gives closer chemical control of 


the iron.” It does give the control necessary for 
production of the standard composition but 
closer conformity to a given range in elements 
is possible from direct melting air or reverbera 
tory furnaces. 

I can and do subscribe to the second advan 
lage mentioned, namely, that duplexing permits 
superheating, and quote from a paper entitled 
“Developments in Melting Malleable Cast Lron” 
appearing in Transactions, American Foundry 
men’s Association, Vol. 15, (1937) 


“A not generally recognized metallurgical 
fact should be mentioned here because of the 
significance which this has in the duplexing 
field. This relates to the carbon effect) on 
graphitization solidification and also the 
carbon effect upon physical properties of the 
metal. As the writer is not now associated 
with a producer it is necessary for him te 
speak from general observations rather than 
from actual quantitative data on these points 
As a result of rather extensive observation. 
he would estimate that for a given section of 
metal or weight of castings, carbon may be 10 
to 20 points higher in duplexed metal than in 
direct-melted metal, without deterioration. in 
quality. 

“The metallurgical difference between 
duplexed malleable and = direct-melted mal 
leable iron of similar compositions is one ot 
the conundrums of the malleable process. It 
is our opinion that the difference is to he 
accounted for by the difference in) charge 
materials used in’ the two methods, more 
steel scrap and less pig iron being used in 
the duplexed metal than in the direct-melted 
metal. In other words, “inheritance” from the 
charge affects the carbon condition or dis 
persal in the structure.” 


lo the third advantage mentioned (it 
lends itself most conveniently to continuous 
pouring’) subseribe also, except that this 
method is no longer limited to the large tonnage 
foundries, it being applicable down to a daily 
melt of as little as 10 tons | or even less under 
certain conditions, 

So long as we contine the discussion to the 
standard malleable product and physical prop 
erties as given in table on page 56, T have little 
erxception to the statements made except to call 
attention to the fact that gas is not available 
universally at a cost to make the type of equip 
ment described the economic unit in many of 
the malleable foundries. 

Having gone on record with the malleable 


industry as favoring the elimination of packing 
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materials for much of the present physical 


requirement, where cold deformation is not 
essential, and the elimination of the conven- 
tional annealing pots and bottoms, I must be 
consistent and favor changes in annealing 
equipment where cost per ton of castings 
annealed will permit. Again let me point out 
that fofal annealing cost must be the measure, 
with 96-hr. time the dividing line. 

Very substantial tonnages of castings are 
being annealed in periodic floor type ovens of 
insulating refractory construction and in car 
type ovens with fuel costs well under $1.00 per 
ton and other items in proportion. 

The muffle type oven has not become popu- 
lar principally because the cycle in this type is 
longer than in the conventional pot type oven. 
Slow heating with an even slower cooling and 
the necessity for dropping temperature to a 
very low point for removal of castings makes 
the cycle unduly long. Notwithstanding this 
fact, at least two American malleable foundries 
anneal practically their entire production in the 
muffle type of ovens. 

It does not follow, however, that continuous 
muffles or even cartype with special provisions 
for firing and for heat transfer may not be the 
solution where gas and coal are not on an 
equivalent heat-cost basis. Surface finish and 
quality of muffle annealed castings are both of 
the highest order. 

Annealing methods now in effect in Ameri- 
can foundries, revised as of January 25, 1938, 
are given in the tabulation below: 


ANNUAI Pern Cent 
CASTIN( Ol 

or TONNAGI CAPACITY 
Pulverized coal fired 536,400 45.2 
Coal, hand-fired 159,200 13.5 
Tunnel kiln’. 226,500 19.1 
Oil fired 180,950 15.3 
Gas fired $3,500 
Electric 38,000 3.2 
1,184,550 100.0 


“Continuous radiant tube capacity included. 


Because of the already too great length of 
this communication, I shall refrain from dis- 
cussion of some of the interesting technical 
points in atmosphere control, gases evolved by 
the product and effect of weight of castings per 
cubic foot of casting space on annealing cost; 
also the arguments for and against the two 
types, continuous and periodic. 

W. R. Bean 
Vice-President, Foundry Equipment Division 
Whiting Corporation 


Metallurgy and Civilization, 1938 


MONTREAL, CAn 
To the Editor of Mevar ProGress: 

I have been wondering if many & menibers 
have seen the striking tribute to metallurgy ang 
metallurgists contained in Chapter 57 (on th 
Development of Material Knowledge) in thy 
interesting “Short History of the World” by the 
eminent English writer H. G. Wells. Possibly 
the fact that Mr. Wells earned a modest living 
as an engineer before he achieved fame and 
wealth as a writer prompted him to say, “Noth 
ing in the previous practical advance of map. 
kind is comparable in its consequences to the 
complete mastery over enormous masses of 
steel and iron and over their texture and quality 
that man has now achieved.” 


Metallurgist 
Jenkins Bros., Ltd. 


A Longer Extract from Mr. Wells 


Throughout the 17th and centuries 
steady growth of knowledge was in progress in the 
Europeanized world. There was much clearing y 
of general ideas about matter and motion, muel 
mathematical advance, a great revival of science. 
This reacted upon metallurgy. Improved metal- 
lurgy, affording the possibility of a larger an 
bolder handling of masses of metal and othe 
materials, reacted upon practical inventions 
Machinery on a new scale and in a new abundane 
appeared to revolutionize industry. .. By the middk 
of the 19th century a network of railways had 
spread all over Europe, they reduced the chie! 
European distances to about a tenth of what the) 
had been. They made it possible to carry out 
administrative work in areas ten times as grea! 
as any that had hitherto been workable under on 
administration. The full significance of that pos 
sibility in Europe still remains to be realized 
Europe is still netted in boundaries drawn in the 
horse and road era. 

The steam railway and the electric telegrap! 
were to the popular imagination of the middl 
19th century the most striking and revolutionary 
of inventions, but they were only the most con 
spicuous and clumsy first fruits of a far mor 
extensive process. Technical knowledge and ski! 
were developing with an extraordinary rapidity 
and to an extraordinary extent, measured by the 
progress of any previous age. Far less conspicuous 
at first in everyday life, but finally far more impor 
tant was the extension of man’s power over various 
structural materials. Before the middle of the 


18th century iron was Continued on page - M4 
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PRECISION 


IT TAKES a precise machine to turn out precise work. 
And if its vital parts are made of Moly irons or steels. 
the longer maintenance of its precision is assured. 
Shapers, for instance. 

One company building such machines uses 
0.50% Mo, Nickel-Moly iron for main and intermediary 
gears in the power transmission system. This iron is 
used because it possesses the wear resistance 
which preserves the close tolerances necessary 
to prevent “chattering.”” Also— because it machines 


readily despite its comparatively high hardness. 


Thus. the use of Moly brings advantages: (a) to 
the builder of the machines through simpler and 
more economical fabrication; (b) to the user 
through better performance due to longer main- 
tained precision; (c) to the user's customers through 
better products. 

Our technical book, “Molybdenum in Cast Iron,” 
contains money-saving data. Free to engineers and 
production exécutives. Drop us a card and we will 
send it to you. Climax Molybdenum Company. 
500 Fifth Avenue, New York City. 


Pp 
RODUCERS OF FERRO-MOLYBDENUM, CALCIUM MOLYBDATE AND MOLYBDENUM TRIOXIDE 


Climax Mo-lyb-den-um Company 
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Personals 


Robert Sergeson @&. for the 
past eight years director of the 
metallurgical laboratory for the 
Canton and Massillon plants ot 
Republic Steel Corp., 
the staff of Crucible Steel Co. ot 
America as chief metallurgist ot 
the Park Works, Pittsburgh 


has joined 


S. K. Oliver @, metallurgist tor 
Deleo Products Corp., has been 
transferred to the Electro-Motive 
Grange, Hl, to take 


in the new 


Corp. La 
charge of heat treating 


diesel engine plant 


Appointed as representative of 
A. F. Holden Co. in the territory 
Wiscon- 
sin, lowa and Minnesota: J. B. 


of northern Illinots, 


Carey, formerly chief metal- 


lurgist of the New Process Gear 


Corp., Syracuse, N.Y. 


ER) 


Pot'd. Oct. 19, 1926 
Pi LARGEST SELLING 
VRIZED CUTTING OIL 
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W. H. Rice formerly ith 
Wellman Engineering Co., Cl: 
land, has received an appoint. 
ment to teach welding id 
metallurgy at Oklahoma 
cultural and Mechanical Collegg 

H. Ross Belding @ has been 
promoted to chief metallurgist 
Farrell Works, Carnegie-Ilinois 
Steel Corp. 

Ernest E. Wachsmuth @ has 
left his position technical 
adviser for Revere Copper and 
Brass, Detroit, to become 
consulting engineer for Leipzig 
Trade Fair, Ine., New York. 

Gerald D. Howk @ has been 
appointed mill representative in 
the Cincinnati territory for Lud 
lum Steel Co. 

Appointed field metallurgist for 
the Hartford, Conn., sales dis- 
trict by Union Drawn Steel Divi- 
sion, Republic Steel Corp.: J. L. 
Stone formerly metallurgist 
for the Massillon plant of Union 
Drawn. 

Oscar E. Swenson @ has been 
made research metallurgist for 
Chicago Steel & Wire Co. 


Paul Klain &, formerly with 
Packard Motor Car Co., 
made research associate in metal- 
lurgy, Battelle Memorial Institute, 
Columbus, Ohio. 


has been 


G. W. Garn &, formerly metal- 
lurgist at) Kalamazoo plant of 
Fuller Mfg. Co., 
superintendent of the Unit Drop 
Forge Division at Milwaukee. 


has been made 


Re-elected by the board 
directors of Despatch Oven Co 
A. E. Grapp, president; H. L. 
Grapp ©. vice-president and gen 
Doherty, 


vice-president and production 


eral manager: C. P. 


C. Keyes, vice-pres! 
dent and chief engineer: F. H. 
Raber, 


manager: G. 


secretary, sales manage 


Honored with the degree 
Doctor of Science by Temple Un 


versity: Henry Butler Allen © 
secretary and director of T! 
Franklin Institute, Philadelphi 


pons 
Stuart's 
| 
4 When having TROUBLE get genuine 7 
Stuarts THRED-KUT’ on the job and 
e check the immediate improvement 
Established 1865 
| 


Liquid Carburizing 


You can't discuss liquid carburizing in heat 4. Reduces fuming. 
treating circles without naming Perliton . . . 5. Minimizes warpage. 
and in discussing Perliton you cannot over- 6. Lowers the cost of carburizing. 


look one of its greatest features —the excess These ore reasons for tts phenomene! crowth 

soluble carbon forming the crust over the top 

of the bath, keeping it constantly super- 

charged with carburizing gasses held in proper 

balance, and incidentally, preventing surface 

radiation losses. 


Some competing baths imitate the carbon 
crust idea — but for insulation only. 


But Perliton with its crust does more: 
1. Supplies excess carbon. 
2. Keeps the bath rich in true carburizing 
properties. 
3. Gives a controlled atmosphere 


Quenching Oils - Heat Treating Salts - Cutting Oils - and other 
Metal Working products made since 1865 by: 


E. F. HOUGHTON & CO. 


240 W. Somerset Street 


Chicago PHILADELPHIA Detroit 
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SPECIMEN POLISHING 
AT L-O-W SPEEDS... 


@ Recent findings by metallurgists in research 
bring to view specific advantages in polish- 
ing metallographic specimens at low speeds. 
The A-B Low Speed Polisher shown above 
meets the requirements of those who want 
these advantages in this phase of specimen 
preparation. It is a highly efficient and 
sturdily built equipment and embodies de- 
sirable use-conveniences. 


The 1938 edition of “THE METAL ANALYST” 
containing many NEW items of interest to 
you is now in preparation. At your request 


we shall reserve a copy for you. 


CUTTERS AND GRINDERS SPECIMEN MOUNT PRESSES 
STRAIGHT LINE GRINDERS TRANSOPTIC MOUNTINGS 
PAPER DISC GRINDERS SPECIMEN STORAGE CABINETS 
HIGH SPEED POLISHERS POLISHING STANDS 
MICROSCOPES OF EVERY DESCRIPTION 


OPTICAL INSTRUMENTS * METALLURGICAL APPARATUS 
228 NORTH LA SALLE ST. ** CHICAGO ILL. 
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(Continued from page 288) reduced from its ores by 
means of wood charcoal, was handled smal! 
pieces, and hammered and wrought into shape It 
was material for a craftsman. Quality and treat- 
ment were enormously dependent upon the experi- 
ence and sagacity of the individual iron-worker 
The largest masses of iron that could) be dealt 
with under those conditions amounted at most (in 
the 16th century) to two or three tons. 

The ancient world, because of its metallurgical 
inferiority, could not use steam. The steam engine, 
even the primitive pumping engine, could not 
develop before sheet iron was available. The 
carly engines seem to the modern eves very pitiful 
and clumsy bits of iron mongery, but they were 
the ulmost that the metallurgical science of the 
time could do. As late as 1856 came the besseme: 
process, and presently (1864) the openhearth proe- 
ess, in which steel and every sort of iron could be 
melted, purified and cast in a manner and upon a 
seale hitherto unheard of. Today in the electric 
furnace one may see tons of incandescent steel 
swirling about like boiling milk in a saucepan. 

Nothing in the previous practical advances ot 
mankind is comparable in its consequences to the 
complete mastery over enormous masses of slee! 
and iron and over their texture and quality that 
nan has now achieved. The railways and early 
engines of all sorts were the mere initial triumphs 
of the new metallurgical methods. Presently came 
ships of iron and steel, vast bridges, and a new 
way of building with steel upon a gigantic scale 

Before the 19th century there were no ships 
in the world much over 2000 tons burden: now 
there is nothing wonderful about 50,000-ton 
liner. There are people who sneer at this kind ot 
progress as being a progress in “mere size,” but 
that sort of sneering merely marks the intellectual 
limitations of those who indulge in it. The great 
ship or the steel frame building is not, as they 
imagine, a magnified version of the small ship ot 
building of the past; it is a thing different ‘n kind, 
more lightly and = strongly built, of finer and 
stronger materials; instead of being a thing ol 
precedent and rule of thumb, it is a thing of subtle 
and intricate calculation. In the old house 


ship, matter was dominant — the material and 
needs had to be slavishly obeyed; in the new 
matter had been captured, changed, coerced. Think 
of the coal and iron and sand dragged out of th 
banks and pits, wrenched, wrought, molten and 
cast, to be flung at last, a slender, glittering p! 

nacle of steel and glass, 600 ft. above the crowd 
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HE HISTORY of 
modern forging 
closely parallels 

the 40 year history of the 

Chambersburg Engineer- 

ing Company. The contri- 

butions of Chambersburg 
to the solution of every 
forging problem present- 
ed by industry, with its 
ever-increasing demand 
for speed, accuracy and 
lower cost, are among 
the highest achievements 
of the forging industry... 


ENGINEERING CO., CHAMBERSBURG, PA. | 
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SAVE 


by using 


PARK-KASE 
Liquid Carburizer 


1. Park-Kase will put on a case 
depth of .015” in one hour at 
1550° F. 


2. Park-Kase is ready to use as 
shipped—no mixing of materials. 


3. Park-Kase assures longer pot life. 


4. Park-Kase does not fume, be- 
cause it puts on its own carbo- 
naceous cover. 


5. Park-Kase treated articles are 
easily cleaned from oil or water 
quench. 


6. Park-Kase uniformity is guaran- 
teed by laboratory controlled 
manufacture. 


7. Park-Kase is reasonably priced. 


If you want more information on 
what Park-Kase can do for you... 
| write us. 


Park-Kase is manufactured by a company that 
has—for over 4 quarter of a century—specialized 
in heat treating materials. 


Quenching Oils 
Tempering Oils 
Pressed Steel Pots 
Furnace Cements 
Carbon Preventer 


Carburizers 

Lead Pot Carbon 
Cyanide Mixtures 
Neutral Salt Baths 
Metal Cleaners 


PARK CHEMICAL CO. 


| DETROIT 
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Stress -Rupture 


(Continued from page 268) metal is affected 
The other may be considered as intergranular 
attack since the grain boundaries are influenced 
for a considerable depth below the actual su 
face of the steel. Of these two, the intergranular 
attack is the more serious both with respect to 
its profound effect on nearly all the physical 
properties associated with our idea of “quality,” 
and the difliculty involved in its detection. 
The 1 to 6" Cr — Mo steel considered in the 
bottom diagram on page 267 resisted oxida- 
tion under the given test conditions and the 
relationship between stress and fracture time 
is expressible by a single straight line at the 
two lower temperatures, and 11007 
At the two higher temperatures, however, its 
surface stability. is insuflicient and a_ break 
occurs in the logarithmic relationship. This 
diagnosis is based on microscopic studies which 
show nothing but general oxidation at 1000 and 
11007 but after about 1100 hr. at 1300° F. 
there is intergranular attack as well. In this 
case recrystallization and grain coarsening has 


also occurred. 


Acceptance Tests 


When the stress-rupture characteristics of 
a given steel have been established, it is felt this 
test will provide a convenient means for dete: 
mining the comparative high temperature char- 
acteristics of other steels of the same general 
tvpe. For this purpose, relatively short tests of 
200 to 300 hr. should be suflicient. 

For example, it is believed logical to assume 
that if the logarithmic line, resulting from a plot 
of stress and fracture time, should lie above the 
one initially established, the second steel would 
possess the greater load-carrying ability. If, on 
the other hand, this line should fall below, then 
the load-carrying ability could certainly by 
inferred to be inferior. 

The same considerations apply to an accep! 
ance test. It is Known that successive heats o! 
steel of almost identical analysis and history 
will frequently differ greatly in creep characte: 
istics. The present stress-rupture test should b: 
able to distinguish quickly which of the steel 
will have unsatisfactory resistance at high tem 
perature. Tests of 24 hr. duration may, in fac! 
be suflicient. 
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A grip-—- 


SIL-FOS and EASY-FLO make 
strong, vibration-resisting joints for 
many industries, including makers 


of — 

AIRPLANE EQUIPMENT 

AUTOMOTIVE PARTS 

BAND SAWS 

CONTACTS 

CUTTING TOOLS 

ELECTRICAL APPARATUS 

FOOD MACHINERY 

GENERATORS 

GOLF CLUBS 

HEAT EXCHANGERS 

INSTRUMENTS 

LAUNDRY EQUIPMENT 

MUSICAL INSTRUMENTS 

MOTORS 

MARINE EQUIPMENT 

PIPE AND FITTINGS 

RAILROAD EQUIPMENT 

REGULATORS 

REFRIGERATORS 

TANKS 

THERMOSTATS 

TRANSFORMERS 

TUBING 

TURBINE BLADING 

VALVES 

WELDING APPARATUS 

WIRE AND CABLE 

WIRE MESH AND CLOTH 
—AND MANY OTHERS 


If you have a problem in joining 
either ferrous or non-ferrous metals, 
we'll be glad to cooperate in solv- 
ing it — write us today. 


HANDY AND HARMAN : 82 Fulton St., New York 


Wien low temperature silver brazing alloys take 
hold of metals they join them with a permanent grip. 
Joints are strong and have a ductility that makes them 


reliable, even under constant vibration or heavy shocks. 


This feature of low temperature alloys comes from 
the silver they contain. It makes them extremely 
liquid at temperatures as low as 1175° F. They pene- 
trate quickly to every crevice of a joint and diffuse 
into metal surfaces. A thin, ductile film imbedded in 


the parts joined makes a joint as sound as solid metal. 


This high strength, plus ability to absorb jars, jolts 
and vibrations are important reasons why so many 
manufacturers now use the low temperature alloys 


Sil-Fos and Easy-Flo. 


Have you tried these alloys on your work? They 
make reliable joints at low cost with savings in gas, 


labor and finishing costs. Write us for details. 
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. From four to six accurate de- 
terminations of manganese, 
nickel, and phosphorus in iron 
and steel may be run and 
checked, in an hour, with the 
Zeiss Pulfrich Photometer. 


Literature Free Upon Request 


‘a CARL ZEISS, INC. 


485 Fifth Ave., New York 


LECTRODRYER 


Many of the large manufacturers of controlled 
atmosphere equipment include the LECTRODRYER 


with their equipment when dryness is advantageous. 


If you intend to purchase controlled atmosphere 
equipment and want dry gas — specify the 


LECTRODRYER. 


PITTSBURGH LECTRODRYER 
CORPORATION 


P.O. BOX 1257 PITTSBURGH, , PA 


Cast Iron Gears 


Continued from page 262) carbides over the amount 
necessary for pearlite to decompose into diffused 
particles of graphite (by the addition of measured 


amounts of calcium silicide to the ladle).” These 
alloys have given good service in a number of gear 
forms, both big and little. 

Pearlitic irons of this sort may readily have 
from three to five times the 14,000 psi. tensile 
strength of common gray iron samples cut from 
large castings. Brinell hardness is only moder- 
ately increased, ranging from 200 to 220 (instead 
of about 150), and therefore machinability is not 
impaired. Doubts as to its shock resisting capacity, 
held by some who put undue importance on the 
figures for elongation and reduction of area in the 
tensile test, are dispelled by service reports and 
also by (1) the high damping capacity of cast iron, 
which is a high degree of internal friction pre- 
venting resonance stresses from building up to 
dangerous proportions by converting the energy 
of vibration into heat and dispersing it; (2) the 
property known as crackless plasticity, of with- 
standing an occasional overstress without develop- 
ing a fatigue crack; and (3) excellent resistance to 
repeated shock, as in the Stanton impact test. 

Combining wear, toughness, strength, low 
coefficient of friction, dampening vibration, assur- 
ing uniform properties whether cast in light o1 
heavy sections, and machining freely even al 
Brinell hardness values up to 300, Meehanite is 
therefore a useful and economical material tor 
cast-to-form or cut gears, spur, bevel and worm 
Such gears are giving excellent service in varied 
industries, including machine tools, steelworks 
equipment, overhead traveling cranes, heavy engi- 
neering machinery, paper and cement mills. 

Where considerable shock is to be encountered, 
it is usual to use alloy steels of exceptional du 
tility. However, the impact strength of these sp: 
cial irons is distinctly superior to what might be 
inferred from the conventional tensile test bat 
data; in terms of actual service it has been abl: 
to withstand impact and shock equally as well as 
some of the most costly steel gears. 

Specific installations include gears on main 
drives of rubber calender mills and_ plasticators 
cold heading machines and briquetting machiner) 
Others where resistance to abrasive dusts is rath: 
more important are gears for tumbling barrels 
pug mills, conerete mixers and cement kilns. | 
these large gears the teeth are frequently chil! 
cast, giving an outer case of generous depth an 
a Brinell hardness approaching 500, or teeth can | 
machined in soft state and flame hardened. 
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STEELS A 


XALOY 


‘DIAMOND 
COAT / 


Send for Your Free Copy of 
“HARD FACTS” 


This Illustrated Monthly 
Publication brings you Interest- 
ing Information about XALOY 
—its Applications, Service 
Records, etc. We shall be glad 
to place your name on the 
mailing list. 


WILCOX-RICH Division of Eaton Mfg. Co. DETROIT 
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surfaced 


Where an extremely hard, uniform surface with 
a high finish must be maintained for efficient 
operation—‘‘that’s one for XALOY!"’ Wherever 
rolls are subjected to severe wear or scoring, as in 
the case of slitter rolls, calendar rolls, flaking rolls, 
etc., surfacing with XALOY usually adds materi- 
ally to performance and effective life. 


In actual use XALOY-surfaced rolls have given 
as much as eight times the service life of materials 
previously used—with only a comparatively small 
increase in cost. 


There is an important advantage in the fact that 
the XALOY surface is absolutely uniform in both 
depth and hardness and that regrinding a number 
of times is possible if desired. 

If you have an unusually high roll maintenance 
cost, surfacing with XALOY may be the solution. 
Your inquiries are invited and will receive imme- 
diate attention. 
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George KF. Comstock, who. as metallurgist 
for the Titanium Allov Mfg. Co., has spent the 
past quarter of a century finding new proper- 
ties and new uses for titanium, has been largely 
responsible for the development of titanium 
evano-nitride for high chromium steels (page 
269). The three vears between Mr. Comstock’s 
vraduation from Columbia School of Mines in 
1900 and his association with the Titanium 
Company in 1912 were spent ino a vanadium 
smelter in Colorado, and in the plants of Mary- 
land Steel Co. and Crucible Steel Co 

Henry Christian Bigge has been intimately 
connected with the practical end of steel mak- 
ing for his entire professional career, and is 
thus eminently fitted to trace the history of 
toolsteel = (The third of a series on this sub- 
ject is the leading article in this issue, page 
252.) Born and raised in Pittsburgh, Mr. Bigge 
attended Carnegie Institute of Technology from 
1909 to 19t2 and at the same time worked for 
Crucible Steel Co. of America. His next con- 
nection was with Carpenter Steel for three 
vears, and his third and final with Bethlehem, 
where he has been superintendent of electric 
furnace and toolsteel departments since 1918. 

University of Michigan's A. E. White and 
C. L. Clark have for several vears been insepa- 
rable collaborators on research papers con- 
cerning various aspects of high temperature 
testing. Professor White has been at Michigan 
some 27 vears, and is currently director of the 
department of engineering research. is 
well known to @ members as first: president 
and founder member of the old) American 


George Comstock Henry 


Society for Steel Treating. Clark, who stucied 
under Professor White during the 20°’s ang 
received his Ph.D. in 1928, is now an engineer 
in the department of engineering researc] 

Added to White and Clark is often found 
a third name attached to the Timken Rolle; 
Bearing metallurgical staff. case jy 
point is the Western Metal Congress paper on 
the stress-rupture test, page 266. The third 
author, Walter G. Hildorf, chief metallurgical 
engineer for Timken since 1928, graduated 
from Michigan State College in 1915, worked 
for two vears in the Copper Range Mines, and 
then returned to get a metallurgical engineer- 
ing degree, meanwhile serving as instructor and 
assistant professor. In 1920 he quit teaching 
to spend the next eight vears as chief metal- 
lurgist for Reo Motor Car Co. 


Dropping his editorial blue pencil and 
pince-nez, Ernest E. Thum on two recent occa- 
sions demoted himself to the rank of reporter, 
and who shall blue-pencil the editor? — First 
he visited the various copper and brass plants, 
coming back with an account of the copper- 
silicon allovs, the first part of which appears 
on page 258. Another time he attended a dis- 
cussion conference on heat resisting alloys held 
by the Cleveland Chapter, took a few notes 
and produced the report found on page 276. 
Editor Thum (Colorado School of Mines ‘06), 
after ten vears in the western smelters as an 
engineer for Anaconda, made a broad jump to 
the chair of metallurgy at University of Cin- 
cinnati. This was soon followed by his first 
venture into the editorial field as metallurgical 
editor of Chemical & Metallurgical Engineering 
By the time Merar ProGress was formuiated in 
1930 and he became its first and only editor, 
he had served successively as head of the tech- 
nical publicity department of Union Carbide 
& Carbon Corp. and as principal associate 
editor of The Iron Age. 


L. Clark Walter G. Hirdort 
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® We talk so much about the high heat conductivity 
ot “Carbofrax” hearths that the other desirable prop- 
erties of this refractory are apt to be overlooked. e Here 
is a typical example of the use of “Carbofrax” where 
the primary reason for its use is to resist abrasion at 
uigh temperatures. The furnace illustrated is for heat- 
ng large socket wrenches before a broaching operation. 
lhe wrenches slide through the furnace in the troughs. 
* Betore “Carbofrax” was used, no method of construc- 
on would give a trough life of greater than 130 
pieces. The furnace then had to be shut down for 


RESISTS ABRASION 
EVEN HIGH TEMPERATURES 


repairs. The pictures of the “Carbotrax” troughs were 
taken after 530 pieces had been run through and there 
is no sign of wear. The customer says “These troughs 
will last forever”.-e Perhaps not forever but it will be 
a long time before they are worn out. e Whatever 
your problem in maintaining heat treating furnaces, 
you should investigate 

“Carbofrax’’, the 
Carborundum Brand 
Silicon Carbide Re- 


UNDUM 


fractory. 


SE CARBORUNDUM COMPANY, REFRACTORY DIVISION PERTH AMBOY N. J 


ts 
Branches: Boston, Chicago, Cleveland, Detroit, Philadelphia, Pittsburgh Agents: MeConnell Sales and Engimeering Corp., Birmungham, Fire Brick 
“t. Lowe; Harrison & ompany, Salt Lake Citv, Utah Pacitic Abrasive Supply Co., Les Angeles, San Francico, Seattl Denver Co., Fl Paso, Tease 
Carborundum and Carbotrax are registered trade-marks of The Carborundum Company 
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CASE HARDENING 


BATH 


that lives up to 


its claims 


PEN-KAY 


is a bath carburizer of scientific- 
ally proportioned ingredients, 
producing a high carbon case. 


EASY WASHING 
Pen-K ay is soluble in water, con- 
tains no insoluble ingredients. 


Cleans easily from an oil 
quench, 


UNIT MATERIAL 
Pen-Kay is a single substance 
bath... does not require special 
energizers. 


WIDE RANGE 

Pen-Kay may be used effectively 
for light requirements or the 
deep penetrations formerly ob- 
tainable only by use of pack 
carburizing. 


SAVES MONEY 
because of its speed, ease in han- 
dling, and quality results, Pey- 
Kay will reduce your costs by 
many. many dollars. 


Write for Photographic Portfolio 
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HEATBATH CORPORATION 


SPRINGFIELD, MASSACHUSETT 


Distortion of Springs 
during heat treatment 


By Maurice Bos zel 


tbstracted from Revue de Metallurgie, 
June and July, 1937 


C' ANGES IN TEIGIET, NUMBER OF COILS, AND OTHE; 
dimensional elements of springs during thei 
necessary heat treatment is a matter which manu- 
facturers would like to control. Permanent distor- 
tion resulling from hardening or annealing metal 
has been studied and was reported in Revue & 
Vetallurgie in 1927 and 1931 by Portevin and Sour- 
dillon, who worked with eylindrical specimens 
Mr. Bonzel, the author of the articles abstracted and 
who is best known in America as author of a book 
on “Steel Wire, Its Manufacture and Properties,” 
which has been translated and published here, is 
the operating head of a wire plant concerned with 
high carbon and allow steels. His researches, whose 
results he has generousty made public, are always 
related closely to mill problems, and in this cas 
treat of precision springs tempered atter forming 

The distortion of articles fabricated from cold- 
worked metal and finally quenched can be mini- 
mised by a preliminary anneal followed by a 
correction of the shape. This, however, is a rathe 
clumsy and costly expedient. and heightens th 
dangers of sealing and decarburization. It is Mi 
Bonzel’s belief that the distortions follow laws 
Which are not necessarily oecult from human unde! 
standing, and that advantage may be taken of these 
laws, either to hold distortion within close limits 
or to compel it to complete the work of forming 
the article. 


For the study of the phenomena he has devis 


the “stephograph,” which is an electric furnace 
Which one end of a cold-twisted wire specimen may 


be held secure white the other end, free to move 


distortion proceeds, actuates the pen which trac 
a graph on a suitably arranged evlindrical chart 
The controlled factors are composition, metal! 
graphic state, degree and direction of cow wo 
and time and temperatures in the heating evel 

The curves, studied properly in series, suggest 
fidelity to laws which do not seem too complex 
practical use. These facts seem clear: 

1. Distortion begins near ambient temp 
ture, and continues up to full anneal. 

2. Distortion occurs chiefly during heating. 
and persists through the cooling range, whate 
its character. 

4. Reheating does not cause further distort 

t. With uniform composition, distortion vat 


with the metallographic state. Cont. on page 
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A FEW OF THE 137 
AMERICAN CHAIN & CABLE 
INDUSTRIAL PRODUCTS 


\e——"" AMERICAN CHAIN DIVISION 
DOMINION CHAIN COMPANY, itd., in Canada 
Weed Tire Chains © Welded and Weldless 
Chain © Malleable Castings 
Acco-Morrow Lubricators 
AMERICAN CABLE DIVISION 
Tru-Lay Preformed Wire Rope Tru-Loc Proc- 
essed Fittings © Crescent Brand Wire Rope 


‘ 


Tru-Stop Brakes Tru-level Oil Controllers 
ANDREW C. CAMPBELL DIVISION 
Abrasive Cutting Machines © Floformers t Cc t 
Cuts Fabrication Costs 
FORD CHAIN BLOCK DIVISION 
Chein Hoists © Trolleys @ Page Hi-Tensile ‘‘F’’ Electrodes make it easy for you to change 
many jobs from bolted or riveted to welded construction—to 
Wire Rope © Preformed Spring-loy Wire provide greater strength—and fo reduce fabrication costs. The 
Rope * Guard Rail Cable speed and easy handling qualities of this modern electrode will 
make many savings for you. 
MANLEY MANUFACTURING DIVISION Page Hi-Tensile F’ is an all-purpose electrode — perfectly 
Automotive Service Station Equipment suited to industrial production and maintenance work—to con- 
OWEN SILENT SPRING COMPANY, Inc. struction work —and to most of the many types of work that come 
Owen Cushion and Mattress Spring Centers to th ldi h Af te f high- d. single- 
e average welding shop. avorite for high-speed, single 
PAGE STEEL AND WIRE DIVISION 
tenes and pass welding —for jobs in Cro-man-sil, Cor-ten, H-T-50 and other 
Traffic Tape © Welding Wire new alloy steels. Operates on straight polarity with exceptionally 
roca & CADY DIVISION low spatter and slag losses. 
Valves © Electric Steel Fittings distributor 
READING STEEL CASTING DIVISION See your local Page . , 
Electric Steel Castings, Rough or Machined 
Railroad Specialties PAGE STEEL AND WIRE DIVISION 
WRIGHT MANUFACTURING DIVISION AMERICAN CHAIN & CABLE COMPANY, Inc. 
Chain Hoists © Electric Hoists and Cranes MONESSEN, PENNSYLVANIA 
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SETS FAST 


STAYS FAST 


Magnefer is an infused 
dolomite refractory 

clinkered . . scientif- 
ically proc essed for 
maintaining the bottom 
and slag line of basic 
open hearth and basic 


electric steel furnaces 


Flow Meters 


For measuring the flow of air and gases of all 
kinds to obtain control of gas burning opera- 
lions and carburizing, ete.. not heretofore pos- 
sible. 1) . . 

uplication of previous operat- 
ing conditions at any time is 
readily obtainable. 


Write for bulletin MP338 


merican Gas Furnace Co. 


Elizabeth, New Jersey 
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Distortion of Springs 


Continued from page 314) 

>. There is no proportion between amount of 
cold work and degree of distortion on heating. A 
small amount of cold twist may result in a large 
amount of untwisting in the furnace, or a high 
degree of cold twist may result in’ very little 
untwisting, or even in a further twisting in the same 
direction. 

6. The speed of heating has little or no effeet 
on the result. 

When a wire is twisted beyond its yield point 
equilibrium is established between two opposing 
sets of couples; those in the center tend to untwist 
the wire, and those at the surface act as brakes 
When heat is applied, the first movement, regard- 
less of composition or amount of twist, is in the 
direction of untwisting, and, as the temperature 
mounts, there may be further untwisting, or twist- 
ing back in the original direction, depending on the 
metal and its metallographic state. 

With steels of the hardening range, in which 
pearlite is a large element, the dominating factor is 
the state of the cementite, whether coarsely or finely 
laminated, or spheroidal. If a specimen is twisted 
and then slightly untwisted, the shape of the curve 
will be greatly affected, and likewise if, after twist- 
ing, a specimen is lightly drafted and a new dis- 
tribution of stress thereby secured. 

With the state of the cementite dominant, it is 
clear that the heat treatment next preceding the 
hardening eyele is of utmost importance. Mr. 
Bonzel suggests that in making precision springs 
it is worth while not only to control the metallo- 
graphic state but even to run “shoe-strings” before 
the final fabrication. He asserts that he has been 
able not only to hold distortion within unusually 
close limits, thereby cutting rejections and costs, 
but also to use distortion as a part of the fabricating 
scheme. As a concrete example he offers the case 
of rings formed of cold worked metal, whose ends, 
because of the resilience of the metal, can never be 
brought squarely together. Under controlled condi- 
tions the final quench and temper will bring these 
ends exactiv into contact. 
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